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PREFACE 


The volumes of the International Library of Technology are 
made up of Instruction Papers, or Sections, comprising the 
various courses of instruction for students of the International 
Correspondence Schools. The original manuscripts are pre- 
pared by persons thoroughly qualified both technically and by 
experience to write with authority, and in many cases they are 
regularly employed elsewhere in practical work as experts. 
The manuscripts are then carefully edited to make them suit- 
able for correspondence instruction. The Instruction Papers 
are written clearly and in the simplest language possible, so as 
to make them readily understood by all students. Necessary 
technical expressions are clearly explained when introduced. 

The great majority of our students wish to prepare them- 
selves for advancement in their vocations or to qualify for 
more congenial occupations. Usually they are employed and 
able to devote only a few hours a day to study. Therefore 
every effort must be made to give them practical and accurate 
information in clear and concise form and to make this infor- 
mation include all of the essentials but none of the non- 
essentials. To make the text clear, illustrations are used 
freely. These illustrations are especially made by our own 
Illustrating Department in order to adapt them fully to the 
requirements of the text. 

In the table of contents that immediately follows are given 
the titles of the Sections included in this volume, and under 
each title are listed the main topics discussed. 
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CEMENT, MORTAR, AND 
CONCRETE 


CEMENTING MATERIALS AND AGGRE- 
GATES 


DEFINITIONS 


1. Cementing Materials.—A material which can be 
made plastic and which will then gradually harden to form an 
artificial stone is called a cementing material. There are 
many cementing materials, but Portland cements, natural 
cements, limes, and plaster cements are the principal ones 
used in building construction; all of them can be made plastic 
by adding water. Bituminous cements or asphalts are some- 
times used as binders in road construction or in the prepara- 
tion of paints employed for waterproofing; bitumens can be 
made plastic by heating or by solution in certain organic 
substances. 

The particles of these cementing materials not only cohere 
to each other on hardening but they also will adhere to other 
materials embedded in them and thus can be used to bind 
bodies together. 


2. Mortar.—A mixture of sand and a cementing material 
in proper proportions and in a plastic state is called mortar. 
In hardening, the cementing material binds together the par- 
ticles of sand and forms a solid mass. 

Mortar also will adhere to other larger bodies between which 
it is placed and these larger bodies will be bonded by the mor- 
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tar. Thus, bricks or stones are bound together in a wall by 
laying mortar between them. 


3. Concrete.—lIf pieces of broken stone, gravel, cinders, 
or slag are mixed with a mortar of sand, cement, and water, 
conerete is formed. When freshly mixed, concrete can be 
poured into molds or forms, and on hardening it will take the 
shape of the mold. Concrete is extensively used in all kinds 
of construction and in combination with steel rods it is known 
as reinforced concrete. 


4. Aggregates.—The material which is bound together 
by the cement in concrete is called the aggregate. The part 
of the aggregate which is less than + inch in size is generally 
called the fine aggregate and usually includes only the sand. 
The remainder of the aggregate is called the coarse aggre- 
gate. The maximum size of the coarse aggregate in ordinary 
concrete work is 3 inches. 


5. Rubble Concrete and Cyclopean Concrete. 
When stones larger than coarse aggregate, but less than 
100 pounds in weight, are embedded individually in con- 
crete, the mixture is called rubble concrete. When the 
concrete contains stones over 100 pounds in weight, it is called 
cyclopean concrete. Rubble or cyclopean concrete is used 
in large foundations or piers where the cost of the work is con- 
siderably reduced by inserting large stones. 


CEMENTS 


6. Classification.—Cement used in mortar and con- 
crete may be either hydraulic or bituminous. Hydraulic 
cement when mixed with water forms a plastic mass and will 
harden under water; bituminous cement becomes plastic when 

eated. Hydraulic-cement mortar hardens as a result of a 
chemical process which is not as yet clearly understood; 
bituminous-cement mortar hardens when it is cooled. In this 
Section only hydraulic cements will be discussed, as the use 
of bituminous cements is limited to road construction and 
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waterproofing paints which do not come within the field of 
concrete construction in its usual meaning. 

The principal hydraulic cements are Poriland cements and 
natural cements. Puzzolanic or slag cements are also hydraulic 
and will be briefly described. Plaster cements become plastic 
when mixed with water, but will not harden under water and 
therefore are not hydraulic. 


7. Portland Cement.—The Standard Specifications for 
Portland cement, adopted by the American Society for Test- 
ing Materials, define Portland cement as ‘‘the finely pulver- 
ized product resulting from the calcination to incipient fusion 
of an intimate mixture of properly proportioned argillaceous 
and calcareous materials and to which no addition greater 
than 3 per cent. has been made subsequent to calcination.”’ 

The requirements implied by this definition are as follows: 
The cement must be made of substances containing clay 
(argillaceous) and substances containing lime (calcareous). 
These substances must be properly proportioned, which 
requires selecting and screening of the raw materials. The 
correctly proportioned materials must be thoroughly (inti- 
mately) mixed, and, to make such mixing possible, they must 
be dried and finely ground. The mixture must be burned, 
or calcined, under a degree of heat that will cause the par- 
ticles to begin to fuse, or melt. The slag-like product, or 
clinker, resulting from calcination must be ground to a flour- 
like powder. The 3 per cent. additional matter referred to 
in the definition permits the addition of a small amount of 
certain materials in order to regulate the time of hardening. 


8. Natural cements are made from what is called 
cement rock, which is quarried from deposits containing a 
properly proportioned mixture of the ingredients necessary 
for the manufacture of cement; these ingredients are lime 
and clay. Cement rock is a kind of limestone containing from 
13 to 35 per cent. of clayey substances. 

In the manufacture of natural cement, the raw cement rock 
is usually taken direct from the quarry to the kiln; after proper 
burning and grinding the cement is ready for use. 
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9. Comparison of Portland and Natural Cements. 
Since they are manufactured from definitely proportioned 
ingredients, Portland cements can be made of much greater 
uniformity than is obtainable in the natural rock from which 
natural cements are made. Also, Portland cements have 
greater strength, are more durable than natural cements, and 
do not harden so rapidly. Due to these advantages, Portland 
cement is used in the mortar and concrete in all important 
work and, unless otherwise stated, concrete means Portland- 
cement concrete. Portland cement is distinguished from 
natural cement by its darker color, greater weight, and slower 
rate of hardening. The color of cement is, however, no cer- 
tain criterion of kind or quality, since the color of both Port- 
land and natural cements varies greatly. Portland cement is 
normally a dark-bluish or greenish gray. Natural cement 
ranges in color from a light straw, through the grays, to a 
chocolate brown. A cubic foot of Portland cement weighs 
about 110 pounds when packed and about 90 pounds when 
loose; the weight of a cubic foot of natural cement is about 
85 pounds packed, and 55 pounds loose. 


10. Plaster Cements.—Of the miscellaneous cementing 
materials, the plaster cemeits are probably the most impor- 
tant. Plaster of Paris is the commonest of this group; it is 
made by burning calcium sulphate, otherwise known as gyp- 
sum, which occurs in great abundance all over the world. 

Commercial plasters vary in properties because they are 
composed of a number of materials intended to adapt the 
mixture for use in various ways, such as for stucco, floor plas- 
ter, wall plaster, etc. The plaster cements known as hard- 
finish plasters are now generally called Keene’s cement. All 
of these plasters harden rapidly in air and are durable for hard 
finishes in buildings. They can be molded or worked to any 
shape and are non-conductors of heat. They are commonly 
used in fireproofing. 


11. Puzzolanic cements are artificially prepared by 
simply mixing slaked lime (to be described later) with natural 
or artificial burned siliceous material or slag similar to the 
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volcanic product puzzolana, from which the name puzzolanic 
is derived. The mixture is then finely ground without any 
subsequent process of burning. The ancient Roman cements 
belong to this class. 

Sand cement is formed by grinding together, to an 
extremely fine powder, Portland cement and silica sand, 
usually in equal proportions. Cement of this kind has been 
made in California by grinding volcanic rock, or tufa, with 
Portland cement. Results of tests seem to indicate that mor- 
tar made of this cement is equal in strength to that of the 
original Portland. It has been used by the United States 
Reclamation Service, and has also been adopted in order to 
secure impermeable mortar for waterproofing structures. 


12. Setting of Cement.—When water is added to 
cement, a cement paste is formed which, if undisturbed, soon 
begins to lose its plasticity, or to set, and finally it becomes 
rigid. The chemical changes that take place in the cement 
after water is added are not thoroughly understood, but it is 
known that the action of the water on the cement results in 
the formation of crystals, which by their interlocking and 
adhesion give strength to the mass. In order, therefore, that 
cement in mortar or concrete may harden properly, it is impor- 
tant that the correct amount of water be used, and also that 
the concrete should not be disturbed before the crystals have 
had time to form and to perfect their union. 

One very important property of cement is that the harden- 
ing process does not take place immediately after the addition 
of water, sufficient time lapsing to permit the thorough mix- 
ing, the transportation from mixer to forms, and the proper 
placing of the mortar or concrete in the forms. Under cer- 
tain conditions cement may have a very quick set, or so-called 
flash set. Such cement cannot be used for ordinary purposes 
because it is impossible properly to mix and place concrete 
made with quick-setting cement. 


13. Cement Psackages.—Cement is sometimes sold in 
barrels, but is more generally sold in bags, as the bags are 
smaller than barrels and are consequently more easily handled. 

Ti; 310-2 
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A bag of Portland cement contains about 94 pounds and in 
practice is considered as 1 cubic foot in volume. A barrel con- 
tains the equivalent of four bags. A bag of natural cement 
also contains about 94 pounds but, due to the greater volume 


in a bag, a barrel contains only the equivalent of three bags. 


14. Storing of Cement.—As explained in Art. 12, 
cement will set when exposed to water. The value of cement 
in concrete or mortar depends upon its ability to adhere to 
other substances and since cement that has set cannot be 
made plastic again, the cement should be carefully stored on 
the job in a suitable shed or house until used. Such a shed 
should be constructed with a floor raised above the ground 
and formed of two thicknesses of flooring boards with a layer 
of waterproof paper between them. The walls and roof 
should also be made waterproof. The bags of cement should 
be so stored in the shed that there will be a free circulation of 
air that will prevent dampness. The bags belonging to each 
shipment of cement should be piled separately so that their 
identity will not be lost. 


TESTS OF CEMENT 


15. Primary and Secondary Tests.—In order that a 
mortar or a concrete made with cement shall give good results 
in actual construction, the cement must possess two important 
properties, namely, strength and durability. Therefore, tests 
are made to determine the degree to which the cement posses- 
ses these properties; these tests are classified as primary and 
secondary tests. Tests for soundness, to be explained later, 
and for tensile and compressive strength, are called primary 
tests and are made to give directly a measure of the essential 
qualities of strength and durability. Unfortunately, it is not 
possible to make these tests with precision, chiefly because each 
experimenter, no matter how careful he may be, handles the 
material and conducts the experiment in a slightly different 
manner. ‘Therefore, secondary tests to determine the time of 
setting, the fineness, the specific gravity, and the chemical 
analysts, are made to obtain additional information in regard 
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to the character of the material. Other special tests, such 
as those for transverse strength, shear, abrasion, absorption, 
porosity, etc., are made occasionally for special reasons or for 
research work, but they do not constitute a part of the 
ordinary routine of cement testing and will therefore not 
be considered. 


PREPARATION FOR TESTING 


16. Procuring the Sample.—In securing a sample for 
testing, the essential point is to get one that will fairly rep- 
resent the entire shipment, the qualities of which are to be 
determined. Tests are made either on individual samples or 
on composite samples. Each test sample should weigh at 
least 8 pounds. The number of bags sampled in a given lot 
depends on the character of the work and varies considerably 
with the size of the shipment. The bags selected should be 
taken at random and from different layers, and not all from 
one part of the pile. Moreover, the cement should be taken 
not only from the top of the package but from the center and 
sides as well. 

After the samples of cement have been taken from the pack- 
ages they are thoroughly mixed together to form the test 
sample. Each sample should be labeled, stating the number 
of the sample, the number of bags or barrels it represents, the 
brand of the cement, the purpose for which it is to be used, 
and the date of delivery and that of sampling. The sample 
should be sent at once to the testing office, and none of the 
cement should be used until the report of the tests is received. 
The testing of cement ordinarily consumes 30 days; therefore, 
the supply must be gauged so that a sufficient quantity will 
be kept on hand to allow the tests to be made without delay 
to the work of construction. The cement must be well pro- 
tected after sampling and before testing, as exposur? to heat, 
cold, dampness, or any other abnormal condition may seriously 
affect the results. The samples should be shipped and stored 
in clean, dry, air-tight containers. To mix the test sample 
thoroughly and to remove any foreign material, it should be 
passed through a sieve having 20 meshes per linear inch. 
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Undoubtedly, many failures in cement testing are due to care- 
less handling of the samples. 


17. Normal Consistency.—The strength of cement 
pastes and cement mortars varies considerably with the per- 
centage of water used in mixing, that is, with the conszstency, 
which is a term employed to express the degree of plasticity 
of freshly mixed mortars or concretes. Investigations made 
at the Lewis Institute in Chicago showed that a very impor- 
tant element in the strength of concrete is the amount of water 
used in mixing. It is therefore essential that cements be 
mixed, not with the same percentage of 
water, but with the amount that will 
bring all the cements to the same physi- 
cal condition, or to what is called normal 
consistency. Different cements require 
different percentages of water to make a 
specimen of normal consistency because 
of their varying chemical composition, 
degree of burning, age, fineness, etc. 


18. Determination of Normal 
Consistency.—The standard method 
for determining the normal consistency 
of cement paste makes use of an appa- 
ratus known as the Vicat needle, shown 
in Fig.1. The dimensions and weights 
used in the test are given in metric 
units. The gram is a unit of weight equal to .0022 pound, 
and 1 pound=454 grams; the centimeter and millimeter 
are units of distance, and 1 centimeter=10 millimeters 
= .3937 inch. A frame a holds a movable rod or plunger, b, 
of which one end c is 1 centimeter in diameter and in the other 
end can be inserted a needle d which is 1 millimeter in diameter. 
The rod weighs 300 grams, and is reversible so that either end 
may be at the bottom. It is held in any desired position by 
setscrew e, and mark f on the rod indicates the reading on 
scale s attached to frame a; g is a hard-rubber ring in the form 
of a truncated cone and h is a glass plate. 


Fic. 1 
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In making a test, 500 grams of cement is mixed with a 
definite amount of clean water and the mixture is squeezed 
and kneaded with the hands until a uniform paste is obtained. 
This paste is formed into a ball and tossed from hand to hand 
a few times. It is then pressed into the rubber ring of the 
Vicat apparatus and the ring is placed on plate h. The end c 
of rod b is brought into contact with the surface of the paste 
and the scale is read. The plunger is then quickly released 
and the scale is again read at the end of 30 seconds. If the 
penetration is not exactly 10 millimeters, another trial must 
be made using a different amount of water. These trials are 
continued until the normal consistency is obtained when the 
penetration is 10 millimeters in 30 seconds. The needle d is 
used in the test for time of setting, to be described later. 

The amount of water required is expressed in percentage by 
weight of the dry cement. Portland cements generally require 
from 17 to 25 per cent. water to give normal consistency, the 
average cement requiring about 21 per cent. To obtain the 
best results, the temperature of the room and of the mixing 
water should be 21° centigrade (69.8° Fahrenheit). 

An approximate and convenient method for determining 
normal consistency is to form the paste into a ball about 
2 inches in diameter and to drop this ball on a metal slab or 
glass plate from a height of about 2 feet. If the cement is of 
the correct consistency, the ball will not crack nor will it 
flatten to less than half its original diameter. 


METHODS OF TESTING CEMENT 


19. Soundness.—The most important property of a 
good cement is soundness. Soundness may be defined as the 
ability of cement to resist disintegration. Although a cement 
may at first show sufficient strength, it is dangerous to use it 
for construction purposes if there is a possibility of later dis- 
integration. 

The most common cause of unsoundness in Portland cement 
is an excess of free or uncombined lime, which crystallizes 
with great increase of volume and thus breaks up and destroys 
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the bond of the cement. This excess of lime may be due to 
incorrect proportioning or to insufficient grinding of the raw 
materials, to underburning, or to failure to store for a sufficient 
length of time before use, such storing being called seasoning. 
A certain amount of seasoning is usually necessary, because 
almost every cement, no matter how well proportioned or 
burned it may be, will contain a small excess of lime which, 
when exposed to air, will absorb moisture and become inett. 
Thus, it frequently happens that an unseasoned cement failing 
in the tests for soundness will pass these tests easily after the 
expiration of afew weeks. Since it is impossible to tell by any 
known method of chemical analysis what proportion of the 
total lime present exists in the free condition, physical tests 
must be relied on exclusively for the detection of unsoundness. 


20. Test for Soundness.—For a long time the common 
practice in making soundness tests of Portland cement was to 
make pats of cement mixed with water, preserve them in air 
or in water, and observe their behavior for an extended period 
of time. This test for soundness, called the normal test, 
required a comparatively long time to complete, and fre- 
quently, even after noting the behavior of the specimens for 
a reasonable length of time, unsoundness that existed was not 
detected. At present the standard test for soundness is the 
steam test, in which the results, that required months in the 
normal test, are produced in a few hours. 

Conical pats about 3 inches in diameter at the base, 3 inch 
thick at the center, and tapering to a thin edge, are formed on 
clean glass plates from a cement paste of normal consistency. 
These pats are allowed to remain in moist air for 24 hours and 
are then tested. They are placed on a wire-screen support 
1 inch above boiling water, and kept in an atmosphere of 
steam at a temperature between 98° and 100° C. for 5 hours. 
A good cement will not be affected by this treatment and the 
pats will remain firm and hard. Inferior cement will fail by 
distortion, checking, cracking, or by entirely disintegrating. 
If any cracks appear, they must be carefully studied; for 
while some cracks indicate unsoundness and poor material, 
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ordinary shrinkage cracks are entirely harmless. Figs. 2 
and 3 illustrate shrinkage cracks, and Figs. 4, 5, and 6 show 
progressive development of disintegration cracks. 

A cement passing the steam test can generally be assumed 
sound. If, however, it fails to pass, the cement should be held 
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for a few weeks and retested after it has had an opportunity 
to become seasoned. If the cement again fails, it should be 


rejected. 


21. Briquets for Tension Test.—The masonry in 
which mortar is employed is usually subjected to compres- 
sion, and therefore the compressive strength is more important 
than the tensile strength. However, the tensile strength is 
more conveniently determined by test and it is believed that 
the tensile strength gives an approximate indication of the 
compressive strength of mortar. Therefore, tension tests are 
usually made on cement mortar. The mortar for these tests 
is composed of 1 part of the cement and 3 parts of a natural 
sand, found near Ottawa, Illinois, and called Ottawa sand; 
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this sand has been accepted as a standard in testing cement 
mortars. The mortar is molded into briguets having the 
shape and dimen- 

ee Ee Re SEE ae fy —™71_ sions shown in Fig. 7. 
reed dee rae The molds for 
; making these bri- 

quets come singly or 
in gangs or groups 
up to six; a standard 
type of gang mold, as 
it is called, is shownin 
Fig. 8. These molds 
should be made of a 
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: ¢ non-corrodible metal 
arr y as like brass; cast-iron 
a molds soon rust and 


become unfit for use. 
Before placing the 
mortar in the molds, 
they should be wiped 
with oil to clean them 
and to prevent the 
cement from sticking 
to them. 

In making the briquets, 250 grams of cement and 750 grams 
of sand are thoroughly mixed dry until the color is uniform. 
The percentage of clean water in terms of the combined 
weights of the dry cement and sand, as determined from 
Table I, is then added 
and the mixing is 
completed as de- 
scribed for cement 
paste. After mixing, 
the mortar is at once pressed firmly in the molds without 
ramming or pounding and the briquets are marked for identi- 
fication by scratching with any pointed object. 

The briquets are kept in the molds for 24 hours after making, 
and are stored in a damp closet so that the cement can harden 


Elevation 
Brea7 


CEMENT, MORTAR, AND CONCRETE 13 
in a moist atmosphere. This condition is conducive to the 
greatest uniformity, and also prevents the formation of shrink- 
age cracks in the material. The briquets are then removed 
from the molds and placed in water until tested, Tests are 
usually made after 7 and 28 days. 

Any suitable receptacle will serve for the storage of briquets, 
provided care is taken to have water that is clean, fresh, and 
at a temperature of 21° C. (69.8° F.). If provision cannot be 


TABLE I 
PERCENTAGE OF WATER FOR STANDARD MORTARS 
Percentage of Percentage of Percentage of Percentage of 
Water for Water for 1 Part Water for Water for 1 Part 
Neat-Cement Cement to Neat-Cement Cement to 
Paste of Normal | 3 Parts Standard | Paste of Normal| 3 Parts Standard 
Consistency Ottawa Sand Consistency Ottawa Sand 
15 9.0 23 10.3 
16 9.2 24 10.5 
17h 9.3 Ds WO 7 
18 9.5 26 10.8 
19 9.7 Di 11.0 
20 9.8 28 te 
Paik 10.0 29 i 33 
22 TO 30 11.5 


made to keep the water running slowly, it must be changed 
not less than once a week; otherwise, it soon becomes strongly 
alkaline and may seriously affect the results. 


22. Testing Briquets.—Several types of testing 
machines have been designed for the purpose of breaking the 
briquets, but shot machines are generally used at the present 
time. A shot machine made by the Fairbanks Company 1s 
shown in Fig. 9. The pail fis hung on the end of the beam d, 
the poise ris placed at the zero mark, and the beam is bal- 
anced by turning the weight 1. The hopper b is then filled 
with fine shot, and the briquet to be tested is placed in the 


14 CEMENT, MORTAR, AND CONCRETE 


clips h. The hand wheel p is then tightened sufficiently to 
cause the graduated beam d to rise to the stop k, and the auto- 
matic valve j is opened so as to allow the shot to run into the 
pail f. The flow of the shot can be regulated by means of a 
small valve m located where the spout joins the reservoir. In 
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order that the automatic valve 7 may remain open, the beam d 
is kept in a balanced position by turning the small hand 
wheel g in a clockwise direction until the briquet breaks. 
When the briquet breaks, the beam d drops and by means 
of the lever ¢ automatically closes the valve j. After the speci- 
men has been broken, the pail with its contents is removed, 
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and the counterpoise g is hung in its place. The pail f is then 
hung on the hook under the large ball e, and the shot is 
weighed. The weighing is done by using the poise r on the 
graduated beam d and the weights on the counterpoise g. 
The result will show the number of pounds required to break 
the specimen. 

The briquets should be carefully centered in the clips to 
avoid eccentricity of loading, and to secure a good bearing 
the bearing surfaces of the clips and briquets should be free 
from dirt and grains of sand. 

The load should be applied at the uniform rate of 600 pounds 
per minute. Variations in this speed will affect the results 
seriously, higher values being obtained when the rate of load- 
ing is increased, and lower ones when it is diminished. The 
briquets should be broken as soon as they are removed from 
the storage tanks and while they are still wet, because drying 
out tends to lower their strength. The average of from three 
to five briquets should be taken as the result of a test. Defec- 
tive briquets or those which differ in strength more than 
15 per cent. from the average value of the test pieces broken 
at the same time are not considered in determining the tensile 
strength of the sample. 


23. Tensile Strength.—The tensile strength ot cement 
as shown by tests made in the manner described should 
increase with the age of the briquets up to about 3 months, 
and should then remain practically stationary for longer 
periods. Specifications for tensile strength commonly stipu- 
late minimum values for the 7-day and 28-day tests. The 
standard requirements for Portland cement are 200 pounds 
per square inch at 7 days and 300 pounds per square inch at 
28 days, when tested in a mortar consisting of 1 part of cement 
and 3 parts of standard Ottawa sand. If the mortar briquets 
decrease in strength between 7 and 28 days the cement should 
be condemned. Abnormally high strength in the 7-day test 
may generally be taken as an indication of weakness because 
such a condition is usually created by an excess of lime or of 
sulphates, either of which may be injurious. 


16 CEMENT, MORTAR, AND CONCRETE 


24. Compression Test Cylinders.—Structures made 
with cement are subjected to compressive stresses chiefly, and 
therefore the compressive strength is considered by some 
engineers to be preferable to the tensile strength as an indica- 
tion of the properties of mortar under the stress it will receive 
in the structure. The form of compression test piece recom- 
mended for use by the American Society for Testing Materials 
is a cylinder having a length twice its diameter. A diameter 
of 2 inches is commonly used. 

The mold is made of non-corroding material like brass and 
should be oiled before using. The mortar is prepared in the 
same way as for the briquets. After mixing, the mortar is 
immediately placed and tamped in the molds, which rest on 
glass or other non-absorbent material. 

When all of the test pieces from one sample have been 
molded they are covered with a piece of glass, which is brought 
to a firm bearing on the fresh mortar, the glass plate remain- 
ing in place until the molds are removed. The compression 
test pieces are stored in the same manner as the briquets and 
are tested at ages of 7 and 28 days. 


25. Compression Tests.—The testing machines used 
to break the cylinders are of two types, the screw type and the 
hydraulic type. 

A typical screw-type testing machine is shown in Fig. 10. 
A weighing table a, which rests upon the knife edges b of a 
pair of compound levers c, supports the test piece during the 
test. Load is applied to the test piece by the movable cross- 
head d. The crosshead is moved by the screws ¢ which in 
turn are moved by gearing connected to belt-driven pulleys 
or to an electric motor. The load brought upon the test piece 
transmits pressure through the weighing table and compound 
levers to the lever f and from this lever to the weighing beam g. 
The weighing beam is kept in balance during the test by 
moving the poise h. When the weighing beam is in balance 
the load on the specimen is given by the position of the poise. 

When making the compressive-strength test, the specimen | 
is carefully centered on the weighing table a. <A spherical 
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bearing block 7 is placed on the top of the test piece to secure 
a uniform distribution of the load over the test piece. The 
poise h is brought to the zero mark of the weighing beam and 
the weighing beam is then carefully balanced by shifting the 
counterpoise k. The movable crosshead is then brought down 
upon the bearing block by throwing in gear the lever m. By 
keeping the lever in gear, load is applied continuously until 
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failure of the test piece occurs. During the loading operation 
the poise is moved along the weighing beam g by the small 
hand wheel » at such a rate as will keep the weighing beam 
in balance. When failure occurs, the weighing beam drops 
against the stop p and the load in pounds required to break 
the test piece is given by the position of the poise on the gradu- 
ated weighing beam. 

The method of making the test by the hydraulic type of 
machine is essentially the same as for the screw type, but 
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the load is applied to the specimen by hydraulic pressure 
acting on a plunger, and is measured by means of a pressure 
gauge. 

In all cases, the load should be applied gradually and con- 
tinuously up to the ultimate strength at failure. The moving 
head of the testing machine should travel at a rate of not less 
than .05 inch per minute nor more than .10 inch per minute 
while the pressure is applied to the test piece. 


26. Compressive Strength.—Proposed specifications, 
now pending before the American Society for Testing Mate- 
rials, require that the compressive strength of standard mortar 
cylinders should be not less than 1,200 pounds per square 
inch at 7 days and not less than 2,000 pounds per square inch 
at 28 days. The compressive strength of standard mortar 
at the age of 28 days shall be higher than the strength at 
7 days. The average of not less than three test pieces is 
taken as the result of a test. In determining the compres- 
sive strength of the sample, faulty cylinders or those which 
give strengths differing more than 15 per cent. from the aver- 
age value of all test pieces tested at the same period should 
not be considered. 


27. Time of Setting.—-Cement, when mixed into a 
paste with water and allowed to stand, gradually changes 
from a plastic state into a hardened mass. This process is 
known as setting, while the subsequent action resulting in 
increased strength is known as hardening. In the setting of 
cements, two stages are recognized: (1) When the paste 
begins to harden, or to offer resistance to change of form, 
called initial set, and (2) when the setting is complete, or 
when the mass cannot be appreciably distorted without rup- 
ture, called final set. The time-of-setting test consists, 
therefore, in determining the time required for the cement to 
reach these two critical points. 

The test for time of setting is made to determine whether 
or not the cement will become hard at the time most desir- 
able in actual construction. If it begins to set too soon, the 
crystallization of the particles will have begun before the mor- 
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tar or concrete is thoroughly tamped into place, and working 
the mixture after setting has begun tends to break up the crys- 
tals and to weaken the product. If, on the other hand, the 
cement sets too slowly, the material is more likely to suffer 
from exposure to heat, cold, dampness, and frost; also, the 
progress of the work will be much delayed on account of the 
greater interval required between different sections, and the 
longer time the forms must be left in place. 


28. Determining Time of Setting.—Time of setting 
varies considerably with the amount of mixing water used, so 
that it is essential that every sample tested be brought exactly 
to normal consistency. The time of setting is also very appre- 
ciably affected by variations in the temperature and humidity 
of the air in which the test pieces are kept during the period 
of setting, by the temperature of the mixing water, and by the 
amount of kneading that the paste receives. Standard prac- 
tice requires that both the materials and the roam in which 
the tests are made be at a temperature as near 21° C. 
(69.8° F.) as practicable. 

There are two forms of apparatus employed to test the time 
of setting, namely, the Vicat needle and the Gillmore needles. 
The Vicat needle has been described in Art. 18 and shown in 
Fig. 1. 

After the cement paste is thoroughly mixed, the mold is 
filled in the manner described in Art. 18, and is then placed 
on the glass plate under the needle din Fig. 1. The needle is 
lowered until it is in eontact with the surface of the paste, 
then the movable rod 0 is quickly released, and the depth to 
which the needle penetrates is read from the graduated scale. 
Initial set is said to have taken place when the needle ceases 
to penetrate to within 5 millimeters of the bottom of the 
specimen in 30 seconds after being released; and final set has 
taken place when the same needle ceases to make an impres- 
sion on the surface of the specimen. ‘Trials of penetration 
are made every 5 or 10 minutes, until these points are 
reached. The time is measured from the moment the mixing 


water is added. 
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The needle should be kept clean during the test, as cement 
on the sides retards the penetration and cement on the point 
may increase it. 

The Gillmore needles, which are shown in Fig. 11, consist 

of two wires mounted in a suitable frame, one having a dia- 
meter of ;y inch at its lower end and carrying a weight of 
1 pound and the other having a diameter of 9y inch at its 
lower end and carrying 
a weight of 1 pound. 
The cement paste of 
normal consistency is 
molded into a pat about 
3 inches in diameter 
and 4 inch thick, with a 
—_F ____| |_____tr___ smooth flat top as shown 
| ine Higs Olt: 
PH aS In making the test, 
the needles are allowed 
to rest on the pat from 
time to time. Initial 
set has taken place when the light needle will no longer 
penetrate the surface of the paste, and final set has occurred 
when the heavy needle ceases to make an impression on the 
surface of the pat. 


Fic. 11 


29. Specifications for Time of Setting.—The stand- 
ard specifications stipulate that Portland cement shall show 
initial set in not less than 45 minutesswhen the Vicat needle 
is used and in not less than 60 minutes when the Gillmore 
needle is used, and shall develop final set in not more than 
10 hours. 

It must be remembered that cement, mixed with an aggre- 
gate and with an excess of water in the field, will require from 
two to four times as long to set as the cement paste mixed with 
little water in the laboratory. Cement, therefore, showing an 
initial set at the expiration of 45 minutes with the Vicat needle 
or 60 minutes with the Gillmore needles, will generally not begin 
to set on the actual work in less than 14 hours, which gives 
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ample time for mixing and placing the materials: and cement 
setting in less than 10 hours by the test, will usually be quite 
hard in the work in 24 or, at least, in 36 hours, although the 
forms must be left in place on the work for a much longer time 
in order to obtain the required strength. 


30. Fineness.—The fineness of cement is important, 
because it affects both the strength and the soundness of the 
product. The more finely a cement is ground the more thor- 
oughly will the cement paste cover the particles of sand; hence 
the greater will be the strength of the resulting mixture. Also, 
because the fine particles are more quickly acted on by the 
mixing water, the crystallization is hastened, so that not only 
is the ultimate strength of the product increased, but also the 
hardening is more rapid. 

Fineness of grinding affects the soundness of cement because 
in the coarse particles the substances that expand are not read- 
ily susceptible to the action of seasoning, which will hydrate 
and render inert the unsound material in the fine particles. 
Another effect of increased fineness is to hasten the time of 
setting, so that with a finely ground cement the time of setting 
must be closely watched. 


31. Determination of Fineness.—The fineness test is 
made by placing 50 grams of cement on a thoroughly clean 
and dry No. 200 sieve. The sieve is then shaken until not 
more than .05 gram of cement passes the sieve at the end of 
1 minute of continuous sieving. The fineness is determined 
from the residue on the sieve, expressed as a percentage of the 
weight of the original 50 grams. The sieve frame is circular 
in shape, 8 inches in diameter, and about 2} inches deep. A 
cover and a pan to catch the material passing through the 
sieve are also provided. 

Sieves used in the fineness test should conform to the fol- 
lowing standard specifications of the American Society for 
Testing Materials: 

(1) Wire cloth for standard sieves for cement shall be 
woven (not twilled) from brass, bronze, or other suitable wire, 
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and mounted without distortion on frames, not less than 
14 inches below the top of the frame. 

(2) The No. 200 sieve should have 200 wires per inch, and 
the number of wires in any linear inch shall not be outside the 
limits of 192 to 208. No opening between adjacent parallel 
wires shall be more than .005 inch in width. The diameter 
of the wire should be .0021 inch and the average diameter 
shall not be outside the limits .0019 to .0023 inch. 


32. Requirements for Fineness.—Portland cement 
should be ground to such fineness that it will leave a residue 
of not more than 22 per cent. by weight on the No. 200 sieve. 
This requirement is very important, because it is only that 
part of the cement passing the No. 200 sieve that is active 
in the setting and hardening of the material, and because the 
larger the amount of residue, which is not really cement, the 
more is the material liable to unsoundness. Any cement fail- 
ing to pass the fineness test should be watched more carefully 
in the soundness and strength tests, but if these tests show 
good results up to 28 days, the cement can, as a rule, be used 
safely. 


33. Specific Gravity.—The specific gravity of a sub- 
stance is the ratio of its weight to the weight of an equal 
volume of water. When the metric units are used, the specific 
gravity is equal to the weight of the substance in grams divided 
by the displaced volume in cubic centimeters, the weight of 
1 cubic centimeter of water being 1 gram. ‘Thus, if the 
weight of the substance is 51 grams and the volume of water 
displaced by it is 17 cubic centimeters, the weight of the dis- 
placed water is 17 grams, and the specific gravity of the 
substance is therefore }+=3. The specific gravity of cement 
indicates the degree of burning, the presence or absence 
of adulteration, and the amount of seasoning that the 
cement has received. When Portland cement is burned, 
the separate ingredients are in close contact and gradually 
combine. The greater the amount of this burning, the more 
thoroughly are the elements combined. Thus, by their con- 
traction in volume, they give a higher density or specific grav- 


CEMENT, MORTAR, AND CONCRETE 23 


ity. The specific gravity of the product must lie within fixed 
limits if the cement has been properly manufactured. 


34. Determination of Specific Gravity.—The stand- 
ard apparatus for the specific gravity test is shown in Fig. 12 
and is known as the Le Chatelier 
flask. It consists of a glass flask 
about 24 centimeters high. The 
lower part up to the zero mark @ew70 Grass) 
has a capacity of approximately oS hla 
250 cubic centimeters at 20° C. 
(68° F.), and the bulb between the 
zero mark and the first graduation 
above the bulb has a capacity of 
exactly 18 cubic centimeters at 
20° C. The neck of the flask is 
graduated to read .1 cubic centi- 
meter for a distance of 6 centi- 
meters and terminates in a funnel 
to facilitate the introduction of 
the cement. A ground-glass stop- 
per is provided to seal the flask 
during the test. 

The flask is filled to some point 
on the stem between the zero and 
the 1l-cubic-centimeter mark with 
kerosene or benzine, which have /f 
no action on the cement, and the f f 
reading is recorded; 64 grams ‘of Nels 
cement at the same temperature 
as the liquid is slowly poured into 
the flask, raising the level of the 
liquid to some division mark on the graduated neck, which 
is read. Care should be taken that the cement does not 
adhere to the sides of the flask above the liquid and that all air 
bubbles are removed. The volume of liquid displaced by the 
64 grams of cement is the difference between the initial and 
the final reading, and the specific gravity of the cement is 


6 CO Capacity 


e ee ha 
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64 divided by that quantity. For example, suppose that the 
initial reading on the flask is .42 and that the final reading is 
20.93; then the displaced volume will be 20.93 —.42= 20.51 
cubic centimeters and the specific gravity will be 64+ 20.51 
=3.12. 

The flask should be immersed in water during the test to 
prevent variations in the temperature of the flask and con- 
tents, because even touching the flask with the fingers will 
change the volume of the liquid noticeably. The variation 
in temperature should not exceed 5° C. (.9° F.) and the results 
of repeated tests should agree within .01. 


35. Requirements for Specific Gravity.—The spe- 
cific gravity of well-burned Portland cement averages about 
3.15 and should not fall below 3.1. If it falls below 3.1, tests 
should also be made on dried and on ignited samples to 
ascertain whether or not this condition has been produced by 
reason of excessive seasoning. The specific gravity should 
generally be taken only as an indication of the quality of the 
cement, and the rejection of a shipment on the ground of 
failure in this test is rarely, if ever, justifiable unless the failure 
has been caused by adulteration or underburning. Asa rule, 
low specific gravity merely indicates well-seasoned cement, 
and, if sound and sufficiently strong, such cement is the best 
sort of material for use, as its durability is scarcely open to 
question. 


36. Chemical Analysis.—The chemical analysis of 
cement is rarely made and no explanation of the methods will 
be given here. Portland cement consists primarily of silica, 
alumina, and lime, but determinations of the proportions of 
these ingredients give little or no information as to the quality 
of the product. The most perfect combination of the ingredi- 
ents may be so treated by underburning or otherwise as to 
result in a worthless material, while, by careful treatment, good 
cement may be made from somewhat poorly proportioned 
raw material. Furthermore, the ash from the fuel in burnin g 
enters into the analysis and will often so modify the results as 
to destroy their significance. While chemical analysis of the 
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essential ingredients is necessary to the manufacturer for the 
control of his product, analysis is of little or no value to the 
consumer, and gives practically no indication of the con- 
structive value of the cement. 


TABLE II 
REQUIREMENTS FOR HIGH-GRADE CEMENTS 
Requirements ocala me ee 
Specific gravity: 
Nigtiose LO att .< ine 38%, 5 3.1 2.8 2G. 
Fineness: 
Residue on No. 200 
Sieve, not over. .... 227, 30% 10% 
Time of setting: 
Initial, Vicat, not less 
ERM a Gaels e's, AI owe cs 45 min. 10 min. 20 min. 
Initial, Guillmore, not 
| oe aes Sane eee 60 min. 
Final, not more than...; 10 hr. 3 hr. 10 hr. 
Tensile strength per 
square inch: 
7 days, 1:3 standard 
sand, not less than..| 200 lb. 50 Ib 125 lb. 
28 days, 1 : 3 standard 
sand, not less than...} 300 lb. IDAs) 200 lb. 
Soundness: 
VS ECATTIP ES « canertshy exc sound and | sound and | sound and 
hard hard hard 
Analysis: 
Magnesia, MgO, not 
Ne ere BT 4% 
Anhydrous — sulphuric 
acid, 50, notover.. 2, 
Sulphur, S, not over... [3% 


26 CEMENT, MORTAR, AND CONCRETE 


Complete ultimate analysis of Portland cement will usually 
give results within the following limits: 


PER CENT. 
Silica SiOgcc oe tras cod ee ee ee le ONC On oe 
PAT YViNti On.. os, eves tee, ek: eas 5.0 to 9.0 
Iron oxide) FeeOs.. ons Fee os oe Een, COME O 
Lime, CaO, or aaigiien vila! Re eee 59.0 to 65.0 
Magnesia, MgO, or magnesium oxide... .5to 5:0 
Anhydrous sulphuric acid, SO;........ Ay We). AO) 
Carbonic acid, or carbon dioxide and 
wter* COs PHO eh ce kc oar tae eae 1.0 to 4.0 
Aikalies: KoOvand NV Gs0). we. pets ec Sere 0 to 2.0 


37. The preceding discussion applies in all important 
particulars to natural and slag cements as well as to Portland 
cements, but of course the results of tests and their interpre- 
tation will be different. The common requirements for 
cements are given in Table II. 


LIMES 


38. Classification of Limes.—The two broad classes 
of limes are common lime, commercially called quicklime, and 
hydraulic lime. 

Quicklime results from the calcination, or burning (at a 
temperature ranging from 1,400° to 2,000° Fahrenheit), in 
kilns, of a limestone composed preferably of practically pure 
calcium carbonate. Limes containing more than 90 per cent. 
calcium oxide are called high-calcium limes, while those with 
at least 25 per cent. magnesium oxide and not less than 85 per 
cent. calcium and magnesium oxides combined are called high- 
magnesium limes. There are intermediate grades called cal- 
cium and magnesium limes. 

Hydraulic lime is produced by burning limestone con- 
taining a small amount of clay (from 10 to 20 percent... Lt 
is distinguished from quicklime by its ability to harden under 
water; this hardening usually requires from 1 to 40 days. 
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Hydraulic limes are seldom used in the United States and will 
not be considered here. Hydraulic lime should not be 
confused with hydrated lime, which will be described later. 


39. Process of Slaking.—A violent action, called slak- 
img or slacking, occurs when water is added to quicklime. 
The lumps break up, heat is generated, and a product, cal- 
cium hydroxide, is formed, which has an entirely different char- 
acter from the original quicklime. Slaking is therefore a 
chemical process. . 

When used in construction work, the lime is spread in a shal- 
low, water-tight, wooden box, or on a wooden platform banked 
around the edges with sand, or is placed in a shallow bed of 
sand. The water is then added and the lime is thoroughly 
mixed with hoes during the slaking action, until the uniform 
consistency of a thick paste is obtained. The product is called 
lime paste. The small quantity of sand that may enter into 
the lime during the process is unobjectionable, because a large 
amount of sand will be added later in making mortar. 

Enough water should be used and the mass thoroughly 
mixed so that the water will come in contact with all parts 
of the lime. If too little water is used or if the mixing is 
insufficient, some of the lumps become dry and are said to be 
burned in slaking. Burned lime makes mortar tough and non- 
plastic. An excess of water causes the slaking to proceed 
slowly and the resulting paste will be thin and watery. Such 
lime paste is spoken of as drowned. The average amount of 
water required for high-calcium lime is about 31 gallons per | 
barrel, or 1 to 14 pounds of water to 1 pound of lime. 

The approximate quantity of water required to complete 
the slaking of a batch of quicklime should be applied by 
sprinkling at the beginning of the process. If cold water is 
added after slaking has commenced, the temperature of the 
mixture is lowered and the lime is caused to become granular 
and lumpy. 

The quality of lime is indicated by the readiness with 
which the lumps fall to powder during slaking. Good lime 
should be free from unslaked lumps, the presence of which 


28 CEMENT, MORTAR, AND CONCRETE 


indicates that the limestone was not pure or that it was not 
properly or completely burned. 

To make certain that slaking is complete, lime should be 
slaked at least two weeks before it is to be used. Slaked lime 
may be kept indefinitely, provided it is protected from the 
elements by being covered with the sand with which it is to 
be subsequently mixed to make mortar. Lime exposed to 
the moisture in the air will gradually slake, and air-slaked 
lime should not be used for structural purposes. 


40. Hydrated Lime.—The commercial product known 
as hydrated lime is a fine, dry powder consisting essentially 
of calcium hydrate and magnesium oxide resulting from the 
addition of an exact amount of water to a predetermined exact 
amount of lime. It is not possible to produce a reliable 
hydrated lime unless an exact method of manufacture is 
employed. 

In producing hydrated lime, an excess quantity of water 
must be used above that required to combine chemically with 
the lime, because a certain quantity is driven off as steam by 
the heat generated in slaking. The quantity of water required 
is subject to wide variations, since it is dependent upon a num- 
ber of conditions, such as temperature of the water, the qual- 
ity of lime, and the dryness of the atmosphere. If too little 
water is used, some particles of lime will not have access to 
the water and these will not slake, but will be present in the 
finished hydrate, causing it to be unsound. The addition of 
the correct amount of water requires most careful supervision 
if a good grade of hydrated lime is to be produced. 


41. Usesand Properties of Hydrated Lime.—Though 
brickwork built with mortar made with hydrated lime and 
sand alone is not so strong as that made with Portland cement 
and sand alone, the addition of a limited quantity of hydrated 
lime to cement mortar does not weaken the mortar, as is shown 
by experiments conducted at Columbia University. How- 
ever, an increase in the percentage of lime reduces the strength. 
There is considerable diversity of opinion as to the maximum 
percentage of hydrated lime allowable in Portland cement mor- 
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tar; many engineers claim that 10 per cent. by weight is the 
limit. It is claimed that hydrated lime makes cement mortar 
more easily handled with a mason’s trowel, and thus gives 
better bearing surface to the bricks. A further advantage 
is said to be increased ability of the lime-cement mortar to 
hold its moisture against the absorbing action of the bricks. 
Hydrated lime also makes wet concrete more plastic—more 
workable, and more readily cast ormoldedinto shape. It gives 
fresh concrete the slipperiness required to enable it to slide 
down chutes, without the necessity of using so much water 
that the strength of the concrete is endangered and without 
the separation of the mortar from the coarse aggregate. It 
is claimed to increase the density of concrete, thus increasing 
the watertightness and, to some extent, the durability. Steel 
embedded in concrete is protected by the addition of hydrated 
lime, because of the increased density and the neutralizing 
action of the lime on any corrosive acids that may be present. 


42. Hardening of Lime.—Lime hardens by reason of 
the gradual absorption from the air of carbon dioxide, which 
slowly changes the lime from the form of calcium hydrate to 
calcium carbonate, so that the final result is to restore the 
material to its original condition prior to burning, hardened 
lime mortar being practically limestone containing sand. To 
secure this result, however, all parts of the mortar must be 
readily accessible to dry air. If placed under water or in 
damp situations, or if excluded from contact with the air, lime 
mortars will not harden. Even in the interior of thin build- 
ing walls of brick laid in lime mortar, the lime will be soft, 
crumbly, and sometimes even plastic after several years, 
-although the edges of the mortar, where exposed, are per- 
fectly hard. It is chiefly for this reason that lime mortars 
are not employed in important work. 


43. Miscellaneous Data on Limes.—Quicklime weighs 
from 50 to 60 pounds per cubic foot. Quicklime, because of 
its nature, is usually shipped in barrels having a net weight of 
200 pounds or 300 pounds; hydrated lime is most conveniently 
handled in 100-pound sacks. 
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AGGREGATES 


KINDS OF AGGREGATES 


44. Sand.—The sand for mortar and concrete is usually 
obtained from natural deposits, and it should be hard, coarse, 
and clean. It is not essential that the sand be sharp, but it 
must be clean and consist of particles most of which are coarse, 
or about }inchin diameter. Sand is clean when it is free from 
injurious amounts of clay, loam, and vegetable matter. 


45. Stone.—The stone used as coarse aggregate is 
obtained by crushing rock in a rock crusher or by hand. Trap 
rocks, granite, and hard limestones and sandstones are satis- 
factory for use in concrete; trap rock, which is of igneous 
origin, is usually most suitable for resisting abrasion, as in 
roads, and whenever strength, toughness, and durability are 
desired; the granites are also hard and durable. The lime- 
stones and sandstones vary greatly; the softer varieties gen- 
erally are not suitable for concrete, but hard limestones and 
compact sandstones make desirable aggregates. 

Slate and shale, unless of very solid and durable character, 
should be used only when no better material can be obtained, 
as they are subject to disintegration. 


46. Gravel.—Pit-run, or bank-run, gravel is a mix- 
ture of sand and pebbles just as it comes from the gravel pit 
or bank. The general fault of such material is that the quan- 
tity of sand contained is usually about twice that of the peb- 
bles, while for good concrete there should be approximately 
two volumes of pebbles to one of sand. Furthermore, gravel’ 
pits are usually not properly stripped of overlying soil before 
they are worked, and this soil, which is generally loam or 
rotted vegetable matter, drifts down the face of the pit and 
becomes mixed with the material. 

Bank-run material, therefore, should be prepared for use by 
screening it into fine and coarse aggregates, and the two sepa- 
rate materials should be recombined in the exact proportions 
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called for. The combining should be done at the time of pre- 
paring the concrete mixtures, but not before. Ready mixed 
materials are to be avoided. 


47. Cinders.—There have been numerous conflicting 
expressions of opinion as to the value of cinders for aggregate 
in concrete construction. It may be allowable to use cinders 
for concrete where very light loads are involved or for pro- 
tecting structural members from fire. In any case, the cin- 
ders used should be composed of clean, vitreous clinker, free 
from sulphides, unburned coal, and ash. Such cinders, prop- 
erly screened so that all particles under 1} inch in dimension 
have been eliminated, will make a fair concrete. Cinders are 
very light in weight. 


48. Slag.—The slag for aggregate must be air-cooled, 
crushed, screened from dust, and free from foreign material. 
Slag gives a concrete that is as strong as some of the stone 
concretes and is lighter than stone or gravel concrete. 


REQUIREMENTS FOR AGGREGATES 


49. Effect of Impurities in Aggregates.—Many of 
the impurities in an aggregate affect the hardening proper- 
ties of cement and hence the strength of the concrete. All 
foreign material in an aggregate is commonly designated by 
the term silt. The chief components of silt are clay, organic 
matter, oils, acids, and alkalies. Silt occurs in two forms, 
namely, in a loose, finely divided condition and as a coating 
on the particles of the aggregate. 

A small percentage of loose clay is not harmful, but as a 
coating on the particles, it prevents the adhesion of the cement 
to the surfaces of the aggregate. Organic matter acts on the 
cement chemically and therefore is injurious in both forms, 
and its presence is prohibited in concrete specifications. The 
other impurities also are injurious. 


50. Size and Shape of Particles of Aggregates.—The 
relative sizes of the particles or pieces of aggregate and the 
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relative quantity of each size determine in a large degree the 
density of the mass of concrete and thereby greatly affect the 
strength. Large particles make a more compact mass and 
there is less surface to be coated with cement. This is 
especially true of sand; therefore, it is often advisable to ship 
a coarse sand a considerable distance rather than to use a local 
fine sand. 

Particles of the same size form a volume having a relatively 
larger percentage of voids than if graded in size, and hence 
require a larger proportion of cement to produce the maximum 
density. In general, a well-graded aggregate produces a 
denser and stronger concrete or mortar than an aggregate 
with particles uniform in size. In grading the materials, a 
sufficient quantity of fine grains is necessary to reduce the 
voids, but an excess of fine material has a tendency to diminish 
the strength of the concrete. Tests made at the laboratory 
of the Lewis Institute by Professor D. A. Abrams seem to 
show, however, that the relative quantity cf the mixing water 
is the governing factor rather than the proportions or strength 
of the aggregate; thus, the sizes of an aggregate can be varied 
in a great many different proportions to form concrete of the 
same strength. The principal cause of strength variation 
appears to be in the differing amounts of water that are 
required tu produce a workable mixture when the proportions 
and nature of the aggregate vary. 

The shape of aggregate particles, especially that of large 
aggregate, influences the strength of the mortar or concrete, 
chiefly by affecting the percentage of voids. Flat particles 
pack loosely and therefore are less desirable than those of 
somewhat cubical shape. Round particles compact more 
firmly and more readily than do angular particles. 


51. Strength of Aggregates.—As a general rule, the 
stronger the aggregate used in the concrete, the stronger is 
the concrete. This rule applies especially to old concrete, 
because the cement increases in strength with age. If concrete 
only one or two weeks old is crushed it will be found that the 
bond between the cement and the aggregate is broken, because 
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the cementing power is still low; but if concrete several weeks 
old is crushed, the cleavage lines pass through the aggregate, 
indicating that the cement is stronger than the aggregate. 


52. Durability.—Almost all commonly used rocks have 
sufficient resistance against wear and weather to warrant their 
employment in concrete. Certain kinds of shale, however, 
crumble when exposed to the weather, and rock containing 
fragments of shale must therefore always be viewed with sus- 
picion. For special purposes such as pavements, wear-resist- 
ing aggregates are often required. 

One of the greatest advantages of concrete is its suitability 
for fire-resisting construction; but to attain fireproofing in the 
greatest degree it is necessary to select aggregates that have 
high fire-resistance. Some aggregates are totally unsuited to 
concrete work where great resistance to fire is desired. The 
best aggregates from the standpoint of fireproofing are siliceous 
sands, hard gravels, trap rock, and slag. 


TESTS FOR SELECTING AGGREGATES 


53. In order to compare the relative values of different 
aggregates for use in concrete, tests are made to determine the 
presence of impurities, the proportions of various sizes of 
particles, the physical structure and composition, and the 
strength of mortar or concrete made of various aggregates. 
Since the strength and density of the concrete depend on the 
grading of the aggregate, that is, on the relative proportions 
of the various sizes of particles, this factor is given primary 
consideration in the following articles on tests. 


54. Procuring Samples for Tests.—Whenever pos- 
sible the samples to be tested should be taken from the storage 
hoppers after delivery at the site of the work. A representative 
sample much larger than required for all the tests is first 
obtained and this is reduced to the proper size by careful sub- 
division so that the final small sample is as representative of 
the supply as the original large sample. Quartering is the 
most common method of subdividing. The aggregate is 
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spread out on a thoroughly clean floor or table, care being 
used to see that particles of different sizes are distributed 
through the mass, which is preferably spread in the shape of a 
circular disk. The material is then divided into four equal 
parts and two opposite quarters are removed, care being taken 
to remove all the dust. This operation is repeated as often as 
desired. 


55. Grading of Aggregate.—There are certain per- 
centages of the different sizes of aggregate which theoretically 
give the best concrete, but it is impossible to obtain a natural 
mixture having these percentages or even to regrade the par- 
ticles to give these values. However, there is usually a choice 
between two or more possible mixtures and the one agreeing 
most closely with the ideal should be used. 

The fine and coarse aggregates are tested separately by the 
following method: A dry sample of known weight is screened 

through a series of sieves by 
TABLE HI shaking. These sieves are 
STANDARD STEVES arranged in the order of the 


= - sizes of the openings, with 


ere) pe ee the largest openings first, and 
Number eats the weight which is retained 
whee oneach sieve is determined. 
f: 5 The weights are each divided 
10 073 by the weight of the sample 
20 034 used in the test and the 
3() 022 quotients, multiplied by 100, 
40 OLS give the percentages of the 
50 O11 respective sizes. These values 
80 007 for different samples can be 
100 0055 tabulated or plotted for com- 
200 =. ~—-.0026 parison. 
For this work are recom- 


mended standard sieves made 
of woven brass wire set into a hard-brass frame about 8 inches 
in diameter and 24 inches deep. The sieves are designated 
bv numbers corresponding approximately to the number of 
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meshes per linear inch. For analyzing cement and sand the 
sizes listed in Table III are desirable. The grading of the 
most desirable sand is given in Table IV. 


TABLE IV 
COMPOSITION OF IDEAL SAND 


: Percentage 
Sieve No.............| 10 | 20 | 30 | 40 | 50 | 80 | 100] 200 Passing 
No. 200 Sieve 


| 


Percentage retained. . ‘bee 15.6] 4.8 | 2.8 | 1.6 | 1.6 | 0.6 |1.16 1.04 


For coarse aggregates, 3-inch, 2-inch, 14-inch, 1-inch, 
g-inch, $-inch, and }-inch screens are used. The ideal per- 
centages of the various sizes of particles depend upon the 
shape of the particles and the maximum size to be used, as 
will be more fully treated under Conerete in discussing 
the best proportions for aygregates. 


56. Determination of Voids.—Instead of determining 
the proportions of the various-sized particles of aggregate in 
comparing two samples, an approximate indication of the 
relative suitability of grading can be obtained from the per- 
centages of voids. The densest aggregate does not produce 
the strongest concrete, but since it is economical to use as 
little cement as possible and since the quantity of cement in 
a volume of mortar or concrete depends on the percentage of 
voids in the aggregate, the aggregate having the least voids 
is usually preferable. It should be remembered that neither 
a sieve analysis of the grading nor a test to determine which 
of a number of aggregates gives the least voids takes into 
account the impurities in the aggregate, and therefore neither 
gives a final indication of strength. To determine strength, 
separate tests must be carried out by crushing or pulling apart 
test specimens made of cement and water mixed with the 
various aggregates. | 

Except in cases where a very dense mortar or concrete is 
desired and the volume of voids must be accurately known, 
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the following method of determining voids is sufficiently 
accurate. A given volume of aggregate is placed in a water- 
tight receptacle and a known volume of water is added to it; 
the volume of the mixture is then found. The difference 
between this volume and the sum of the volumes of aggregate 
and water measured separately is the volume of voids. The 
volume of voids divided by the original volume of aggregate 
alone and multiplied by 100 is the percentage of voids. 

If S is the volume of aggregate, W the volume of water, 
M the volume of the mixture of aggregate and water, and 
V the percentage of voids, 

S+W—M 


=i 


V=100X 


EXxAMPLE.—Five hiindred cubic centimeters of sand were measured in 
a graduated vessel and then poured out. Water was then put into the 
graduated vessel up to the 250-cubic-centimeter mark, and the sand added 
to the water. If the reading for the sand and water combined was 596.5 
cubic centimeters, what is the percentage of voids? 


SoLuTION.—Were there no voids, the sand and water together would 
occupy 500+250=750 c. c. Therefore, the volume of water that enters 
the voids is 750 —596.5=153.5 c. c. In other words, the voids in 500 c. c. 


153: 
of sand occupy 153.5 c. c. of the space. The percentage of voids is oo 


X100=30.7. To use the formula, S=500, W=250, and M=596.5, and 


500+ 250 — 596.5 
V=100X cE 500 = 30.7 per cent. Ans. 


Another method of determining the percentage of voids 
follows: First, find the specific gravity of the given aggre- 
gate, then fill a measure of known volume, weigh the con- 
tents, and find the percentage of solid material in the volume 
by dividing the weight by the product of the specific gravity 
of the aggregate times the weight of an equal volume of water, 
and multiplying the quotient by 100; the percentage of voids 
is then found by subtracting the percentage of solid material 
from 100. Thus, a cubic foot of sand is found to weigh 
116 pounds, and its specific gravity is 2.65; a cubic foot of 
water weighs 62.5 pounds, and a cubic foot of solid sand would 
weigh 2.65X62.5=166 pounds. The proportion of actual 
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sand in | cubic foot is therefore 448=0.70, or 70 per cent., 
and the percentage of voids is 100—70 =30 per cent. 


57. Determination of Silt.—The presence of clay in 
sand may be detected by rubbing the material between the 
hands. If clean, the sand should not adhere to nor discolor 
the hands. A small quantity of any aggregate may be stirred 
or shaken in a tumbler or bottle of water, when the presence 
of clay will at once be shown by a characteristic cloudiness of 
the water. 

The percentage of silt in an aggregate can be found by wash- 
ing a sample with slowly flowing water. This stream of 
water carries the silt away in solution and in suspension, and 
the quantity of silt can therefore be determined in either of 
two ways; namely, as the difference in weight of the material 
before and after treatment, or as the solid contents in the wash- 
ing water. In either case the water must be so admitted and 
removed that no small grains are accidentally lost by being 
carried away by the stream of water. The percentage of silt 
is the weight of the silt divided by the weight of the original 
sample of aggregate and multiplied by 100. 

If no better apparatus is at hand the silt can be washed 
from the sample by shaking the aggregate and water in a bot- 
tle or stirring it in a dish. The wash water is poured off into 
another vessel, care being taken not to pour out any aggregate, 
and the operation is repeated several times until the wash 
water is clear immediately after agitating the material. 

The colorimetric test for the presence of vegetable matter 
in sand is made by allowing a representative sample of the 
sand to stand in a 2- to 3-per-cent. solution of sodium hydroxide 
(caustic soda, NaOH) and observing the resulting color of the 
liquid. About 44 ounces of the sand are placed in a 12-ounce 
prescription bottle, which is then filled up to the 7-ounce 
mark with the solution of caustic soda. After shaking, the 
mixture is allowed to stand for 24 hours. If the liquid on top 
is clear or light-straw colored, the sand can be used; if it is 
brown or dark brown, the sand should be rejected or else 
washed thoroughly before using. 

IL T 318C—4 
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58. When silt is present in sufficient quantities to affect 
the strength of mortar or concrete, it should be removed by 
washing. If it is in the form of a coating on the particles, 
the aggregate is washed in a dilute solution of sulphuric or 
hydrochloric acid; the acid dissolves the vegetable matter 
and thus leaves the aggregate clean. Since acid clinging to the 
aggregate will destroy cement brought in contact therewith, 
it is important that the material be thoroughly washed with 
water after immersion in acid. 


59. Tests of Mortar to Determine Quality of Sand. 
The best way of determining the quality of sand is to make 
specimens in the proportions of 1 part cement to 3 parts of 
the sand to ke tested, find the tensile and compressive strength 
of the specimens, and compare the results with the strength of 
a mortar made with the same cement and standard Ottawa 
sand in like proportions and of the same plasticity. The tests 
are made as explained in Arts. 22 and 25 and the tested sand 
should give as high strength as the Ottawa sand at ages of 7 
and 28 days. Ifthe sand is weak, it may be used by increasing 
the quantity of cement to give the required strength. 


60. Compression Tests of Coarse Aggregates.—In 
making compression-strength tests, cylinders 8 inches in 
diameter and 16 inches long are cast with the concrete pro- 
portioned and mixed as it is to be used on the job.. The cylin- 
ders are placed in damp sand after removal from the forms, or 
molds, and allowed to cure or harden until required to be 
broken. They are generally broken at the end of periods of 
7 and 28 days, and at 6 months if a long-time test is required. 


61. Physical Structure and Mineral Composition. 
The physical structure of the grains of the aggregate is deter- 
mined simply by inspection, preferably under a high-power 
magnifying glass, or microscope, whereby the various com- 
monly encountered minerals are readily recognized by their 
appearance. The hardness, toughness, shape, and size of the 
particles should be investigated. Flat or elongated pebbles, 
and those composed of soft, disintegrated, or stratified mate- 
rial will not give good results. 
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62. Apparent Discrepancies Between Laboratory 
and Field Practice.—Some aggregates fail to show in the 
field the strength that was indicated by laboratory tests. This 
is particularly true of limestone and of pebbles that are coated 
with clay. A fine covering of dust on the particles may not be 
displaced during the ordinary field mixing and will prevent 
the cement from forming a strong bond with the surfaces. 
Tests will then show a low strength. In laboratory practice 
the mixing is always sufficiently thorough to remove any coat- 
ing of clay or dust; consequently, the cement comes inintimate 
contact with aggregate surfaces and tests show high strength. 

The failure of field tests may also be due to the fact that the 
freshly fractured surfaces of screenings absorb a large amount 
of moisture from the mortar before the setting action begins, 
so that there will be insufficient water to promote the chemical 
action necessary for proper hardening. This condition is 
remedied by thoroughly wetting the aggregates before using. 
Good practice advocates wetting of coarse aggregates before 
combining with the sand-cement mixture. 


MORTARS 


63. As has already been explained, the cementing mate- 
rials commonly used in mortar are lime, cement, and mix- 
tures of lime and cement, and the mortars made from them 
are known, respectively, as lime mortar, cement mortar, and 
lime-cement mortar. The requirements of the cementing mate- 
rials and of the sand have been considered in detail in the pre- 


ceding articles. 


64. The water used in mixing mortar should be clean, 
fresh, and free from dirt or vegetable matter. Water con- 
taining even small quantities of acid may seriously injure the 
mortar. The presence of oil will result in slow setting and 
decreased strength. 

Salt is sometimes added to the water used in mixing mor- 
tar for winter work, because salt lowers the freezing point of 
water and thereby prevents the mortar from freezing. Salt so 
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used is objectionable because it delays the hardening and 
decreases the strength, and chemical compounds are formed 
that crystallize on the surface of the masonry as a whitish 
deposit called efflorescence, which is very unsightly. Where 
stray electric currents are even remotely possible the use of 
salt is highly objectionable, especially in mortar or concrete 
containing steel reinforcement, because the presence of the 
salt facilitates the so-called electrolysis. By electrolysis is 
understood a chemical action produced by an electric current 
which causes rusting and swelling of the steel and consequent 
disintegration of the concrete or mortar. 

Sea-water contains a weak solution of salt and its use in 
mortar and concrete is therefore objectionable to the same 
extent as that of salt. Nevertheless, some structures in this 
country and many structures abroad have been built of mor- 
tar or concrete mixed with sea-water without showing the least 
cause for apprehension. 


65. Methods of Measuring.—Methods intended for use 
in the field must be very simple and must require no special 
apparatus. There are two methods of measuring the cement 
and sand for mortar, one being used where it is desired to pro- 
portion aggregate by wezght and the other where it is desired 
to proportion aggregate by volume. In ordinary construction 
work proportions are by volume, since volumes are easily and 
accurately measured by means of wheelbarrows or hoppers 
of known cubical contents, but on special work of very large 
dimensions the materials are sometimes weighed. 

More detailed descriptions of the theory and methods of 
proportioning will be given later when the subject of mixing 
concrete is considered. 


66. Consistency.—The quantity of water required for a 
mixture varies with the richness of the mixture and the char- 
acter of the ingredients, so that it is difficult to state a fixed 
proportion for use at all times. For general purposes, the 
mortar should be of a plastic consistency—firm enough to 
stand at a considerable angle, yet soft enough to work easily. 
Wet mortars are easier to work and are, as a rule, the more 
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dense when hardened, but they are subject to greater shrink- 
age, are slower setting, and are more easily attacked by frost. 
Dry mortars, on the other hand, are often friable and porous. 
The consistency of the mortar should vary with the materials 
used and with the conditions to be met. 


CEMENT MORTARS 


67. Quantities of Ingredients.—In Table V are given 
average quantities of cement and sand required to produce 
1 cubic yard of compacted mortar. The proportions are by 
volume, a cement barrel being assumed to contain four bags of 


TABLE V 
MATERIALS REQUIRED PER CUBIC YARD OF MORTAR 


Proportions of Mixture fpr er Seats es ead 
1 Wi Sch rg ae a ea 4.9 ih 
I by 2 -Dapgpte = ie WR hh ne a eas 3.2 1.0 
led: OF Ale Ls | AN ae doe eee a 2.4 Val 
ea Pe OM ae link De kL tee 1.9 el 
[Bn Ro a i ena Be 1.6 12 
Th ee ee Oe ee oe ee 1.3 Ile? 


cement, each weighing 94 pounds. Of course, the quantity 
of mortar produced from any mixture of materials will vary 
with the character of the ingredients, but the data given in the 
table will serve as a guide for the quantities required under 
average conditions. 

EXAMPLE.—How much cement and sand will be required to obtain 
8.5 cubic yards of 1 : 3 Portland-cement mortar? 

So_uTIoN.—According to Table V, 1 cu. yd. of a 1 : 3 Portland-cement 
mortar requires 2.4 bbl. of cement; therefore, 8.5 cu. yd. will rewire 


8.5X<2.4=20.4 bbl. of cement. Also, since 1 cu. yd. of a mixture of this 
kind requires 1.1 cu. yd. of sand, the quantity of sand required will be 


8.5<1.1=9.35 cu. yd. Ans. 
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68. Mixing.—lIt is essential in making cement mortars 
to secure a complete and uniform mixture of the separate 
ingredients. This kind of a mixture is, of course, best obtained 
by means of mechanical contrivances, but since mechanical 
mixers are expensive to install and operate, it is only on exten- 
sive works, where large quantities of material can be used 
in a short time, that such appliances can be employed to 
advantage. 


69. Mortar that is to be mixed by hand is prepared on a 
platform or in a mortar box. The sand is first measured by 
means of a bottomless barrel, or, better, by means of a low, 
square, bottomless box with handles on the sides and of such 
a size that it will give the correct quantity of sand. After 
filling the box, the sand is struck off level, the box lifted up, 
and the sand spread in a low, flat pile. The required quantity 
of cement is then placed on the sand and spread evenly over it. 
The pile is then turned over and mixed with shovels, the mate- 
rials being worked over not less than four times. After this 
operation, the dry mixture is formed into a ring, or crater, and 
the water intended to be used is poured into the center. The 
material from the sides is then shoveled into the center until 
the water is entirely absorbed, after which the pile is worked 
again with shovels and hoes until the mixture is uniform 
and in a plastic condition. In mixing, the mortar should be 
completely turned over not less than four times dry and from 
four to six times after the water has been added. 

Another method of mixing, where a mortar box is used, 
is to gather the mixed dry materials at one end of the box 
and pour in the water at the other end, drawing the mixture 
into the water with a hoe a little at a time, and hoeing until 
a plastic consistency is obtained. 


70. Good results can be secured by either method, pro- 
vided sufficient care is exercised. If a batch of mortar is once 
made too wet, it cannot be brought back properly to a drier 
consistency ; also, an excessively wet mortar is difficult to work 
and is often productive of poor results. The best plan, there- 
fore, in adding the water is to pour in first a little less than is 
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required to produce the proper consistency and then make up 
the deficiency by means of a watering can or a sprinkling 
hose. In this way, an excess of water is guarded against. 


71. Retempering.—Sometimes, during building oper- 
ations, mortar is allowed to stand until it begins to set. When 
it is desired to use this material, if the hardening process has 
not gone too far, more water is sometimes added and the mix- 
ture worked until it again becomes plastic. This process is 
called retempering. Laboratory tests generally show that 
retempering slightly increases the strength of mortar, but the 
reworking is more thorough, as a rule, in the laboratory than 
would be the case in actual work. Any part of the hardened 
mortar that is not retempered is a source of weakness when 
incorporated in the building. The adhesive strength of 
cement, moreover, is greatly diminished by this process. For 
these reasons, the use of retempered mortar is usually pro- 
hibited. It is a good rule to use all cement mortar within 
30 minutes after the water has been added. 


72. Strength.—In masonry construction, although mor- 
tar is generally subjected only to compressive stress, it is also 
at times called on to withstand tensile, transverse, and shear- 
ing stresses. There is no definitely fixed ratio between the 
resistances of mortar to these different stresses, but there is 
nevertheless a close relation between them, so that, prac- 
tically, it may be assumed that if a mortar shows either abnor- 
mally high or low values in any one test, the same condition 
will develop when tested under other stresses. 

Cement mortars are usually tested in tension and sometimes 
in compression. The methods of preparing and testing the 
specimens are the same as those used for standard briquets 
and cylinders, described in cement tests. 

The tensile strength of mortar has been shown to vary with 
the character and proportions of its ingredients, with its con- 
sistency, its age, and with many other factors. In Table VI 
is given a fair average of the tensile strengths that may be 
expected from mortars of Portland and natural cements that 
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are made in the field and with a sand of fair quality but not 
especially prepared. 

The strength of Portland-cement mortar increases up to 
about 3 months; after that period, it remains practically con- 
stant for an-indefinite time. Natural-cement mortar, on the 
other hand, continues to increase in strength for 2 or 3 years, 
its ultimate strength being about 25 per cent. in excess of that 
attained in 3 months. 

TABLE VI 
TENSILE STRENGTH OF CEMENT MORTARS 


Proportions Tensile Strength, in Pounds per Square Inch 
Portland Cement Natural Cement 

Cement Sand G ” Be 2 ra 2 
Parts Parts iS EY . & BS 2 
ice ce 

i 1 450 600 610 160 245 280 

1 2 280 380 395 es As 215 

1 3 170 245 280 85 130 165 

1 4 125 1&0 220 60 100 135 

1 5 80 140 175 40 as 110 

1 | 6 50 | 115 | 145 | 25 60 90 

1 7 30 95 120 15 50 75 

1 | 8 20 70 100 10 45 65 


The compressive strength of cement mortars is usually given 
in textbooks as being from eight to ten times the tensile 
strength. This value is rather high for the average mortar, 
a ratio of from 6 to 8 being more nearly realized in practice. 
The ratio increases with the age and richness of the mortar, 
and varies considerably with the quality of the sand. Port- 
land-cement mortars of 1 : 3 mixture that are 3 months old 
develop, on an average, a compressive strength of about 
1,800 pounds per square inch, while 1:2 natural-cement 
mortars average about 1,600 pounds. 
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The strength of mortars in shear may be taken as about .6 
to .7 of the compressive strength. 


73. Adhesion.—The adhesion of mortars to inert mate- 
tials varies both with the character of the mortars and with 
the roughness and porosity of the surfaces with which they 
are in contact. The adhesion of 1:2 Portland-cement mor- 
tar, 28 days old, to sandstone averages about 100 pounds per 
square inch; to limestone, 75 pounds; to brick, 60 pounds; to 
glass, 50 pounds; and to iron or steel, 75 to 125 pounds. 
Natural-cement mortars have nearly the same adhesive 
strength as those made of Portland cement. 


74. Abrasive Resistance.—Abrasion either wears away 
the cement and sand grains or it pulls the sand out of the 
cement. The resistance to abrasion therefore depends on the 
hardness of the sand and the proportions of the mixture of 
cement and sand. Soft sand grains require more cement, 
while with hard sand it is desirable to use less cement. The 
mortar for surfaces subjected to abrasion should never con- 
tain more than two parts of sand to one of cement and the 
wearing surfaces of sidewalks and other structures are usually 
made of mortar mixed in this proportion. 


75. Shrinkage.—Cement mixtures exposed to the air 
shrink somewhat during the process of hardening, while those 
immersed in water tend to expand. The shrinkage of ordinary 
cement mortars is slight, especially in lean mixtures, which 
shrink much less than rich mixtures, and when they are used 
as a bonding material shrinkage need not be considered. When 
mortar is used as a monolith, as in sidewalks, shrinkage, as 
well as contraction due to temperature changes, can be to 
some extent guarded against by means of expansion joints, 
as explained in another Section. However, in such cases, the 
best plan for reducing the shrinkage is to keep the mortar wet 
during setting. This can be done by a covering of moist straw 
or by sprinkling the surface with water. Water is the life of 
cement and a liberal application of it during setting not only 
prevents excessive shrinkage, but materially increases the 
strength and durability of the mortar. 


46 CEMENT, MORTAR, AND CONCRETE 


76. Useful Data on Cement Mortar.—The following 
brief sentences summarize the important points to be remem- 
bered concerning cement mortar: 

1. The strength of a mortar depends primarily on the per- 
centage of cement in the mixture, and on the density of the 
mixture. 

2. The best sand is, in general, that which will produce the 
smallest volume of mortar when mixed with the cement in the 
required proportions. 

3. “Sharpness” of sand grains is of slight importance. 

4. Coarse sand produces stronger mortar than fine sand. 

5. Mixtures of fine and coarse’sand, or of sand and screen- 
ings, often produce better mortar than either material alone. 

6. Impurities in sand, such as vegetable loam, even in 
minute quantities, may destroy the strength of the mortar. 

7. Weight of Portland-cement mortar in proportions 
1 : 21 averages 135 pounds per cubic foot. 


77. Grouting.—Spaces in masonry are often filled with 
a thin, semifluid mixture known as grout. Generally cement 
and water must be used, but where the spaces are large enough, 
the mixture consists of cement, one or two parts of sand, and 
an excess of water. Grout is usually applied under pressure 
and is used in places where it is impracticable to lay mortar in 
the ordinary manner. When hardened, grout is weak, friable, 
and porous; therefore, it should not be employed if it can be’ 
avoided. 


78. Laying Mortar in Freezing Weather.—Unless the 
existing conditions make it imperative, it is not advisable to 
lay mortars during freezing weather, because frost or even 
cold has a tendency to retard greatly the set of cement mor- 
tars. When the temperature, moreover, is so low that the 
water with which the mortar is mixed freezes before it com- 
bines with the cement, it may, if care is not exercised, result 
in complete destruction of the work. A single freezing is not 
particularly harmful, because when thawing occurs, the 
arrested chemical action continues. A succession of alternate 
freezings and thawings, however, is extren_ely injurious. Never- 
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theless, Portland-cement mortars may be laid even under the 
worst conditions if certain precautions are observed, but mor- 
tars of natural cement should never be used in extremely cold 
weather, as they are generally completely ruined by freezing. 

The bad results that arise during mild frosts may be success- 
fully guarded against by heating the sand and water and by 
using a quick-setting cement mixed rich and as dry as possible. 
As already mentioned, in freezing weather salt is often added 
to the water, so as to convert it into brine that requires a tem- 
perature lower than 32° F. to freeze it. 

If a temperature below 20° F. is expected, in addition to the 
use of salt all of the materials must be heated. The finished 
work should also be protected with canvas or straw. Manure 
should not be used for this purpose, because the acids it con- 
tains injure the cement. 


79. Waterproofing of Mortars.—All cement mortars 
to a greater or less degree absorb water. They therefore not 
only permit dampness to penetrate a building, but tend also 
to permit destruction by frost. Cement mortars may best 
be made almost impermeable by using sand that has been care- 
fully graded and by adding hydrated lime. If further pro- 
tection is desired, a common method is to apply a wash of 
waterproofing to the finished surface, which fills the voids in 
the mortar and also forms a coating. For this purpose 
paraffin can be used; solutions of soap and alum applied alter- 
rately combine to form insoluble acids and also give good 
results. These substances can be incorporated into the mor- 
tar when it is mixed, but this latter practice is not recom- 
mended in the latest specifications. 


LIME MORTARS AND LIME-CEMENT MORTARS 


80. Proportions Used.—In a mortar made of lime and 
sand, enough lime should be present just to cover completely 
each grain of sand. An excess of lime over this quantity 
causes the mortar to shrink excessively on drying, while a 
deficiency of lime produces a weak and crumbly mortar. The 
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correct quantity of lime depends on the character of the 
ingredients, on the method of treatment, and, to some extent, 
on the judgment of the builder, the mixtures employed varying 
from 1:21 to 1:5. Building laws in many municipalities 
require the use of a 1 : 3 mixture, and for most materials this 
proportion will be found satisfactory, although for rich, fat 
limes a 1 : 34 or a 1 : 4 mixture is sometimes preferable. 


81. Mixing.—In mixing lime mortar, a bed of sand is 
made in a mortar box and the lime distributed as evenly as 
possible over it, both the lime and the sand being first meas- 
ured according to the specified proportions. The lime is then 
slaked by pouring on water, after which it should be covered 
with a layer of sand, or, preferably, a tarpaulin, to retain the 
vapor given off while the lime is undergoing the chemical 
reaction of slaking. Additional sand is then used, if neces- 
sary, until the mortar attains the proper proportions. 

Care should be taken to add just the proper quantity of 
water to slake the lime completely to a paste. If too much 
water is used, the mortar will never attain its proper strength, 
while if too little is used at first, and more is added during 
the process of slaking, the lime will have a tendency to chill, 
thereby injuring its setting and hardening properties. Rather 
than make up small batches, it is considered better practice 
to make lime mortar in large quantities and to keep it stand- 
ing in bulk so that it can be used as needed. 


82. Use of Lime Mortar.—Lime mortar 1s employed 
chiefly for brickwork of the second class such as is commonly 
used in the walls of smaller buildings, and its use is continually 
decreasing as that of cement increases. It is absolutely 
unsuitable for any important construction, because it has 
little strength and is porous. It cannot be used in damp or 
wet situations, nor should it ever be laid in cold weather, as 
it is very susceptible to the action of frost, being much injured 
thereby. Moreover, since it hardens by the action of dry air, 
only the exterior of lime mortar ever becomes fully hardened, 
so that it is impossible to use lime as the cementing material 
in large masses of masonry subject to heavy loads, because 
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the interior always remains soft. However, for second-class 
brickwork, lime mortars are economical and sufficiently 
good. 


83. Strength of Lime Mortars.—The strength of lime 
mortars is extremely variable, depending on the ingredients 
themselves and on their treatment, environment, etc. It is 
unsafe to assume a lime-mortar joint as possessing much 
strength, since only a part of the joint is hardened and cap- 
able of developing any strength at all. The ultimate tensile 
strength of thoroughly hardened 1: 3 lime mortars averages . 
from 40 to 70 pounds per square inch, and the compressive 
strength from 150 to 300 pounds. 


84. Lime-Cement Mortars.—In bricklaying and in 
other places in which mortar is employed, it is frequently 
desired to use a material that is more plastic or smoother 
than pure cement mortar. This quality is usually obtained 
by adding to the mortar an amount of lime equal to from 10 
to 25 per cent. of the weight of the cement. This addition 
of lime not only renders the mortar more plastic, and hence 
easier to work, but also increases both its adhesive strength 
and its density, thus assisting in making the mortar water- 
proof. Moreover, it is claimed that the strength of cement 
mortars is not reduced by small additions of lime, such as 
10 per cent. of the weight of the cement, while even 25 per. 
cent. causes no sensible weakening. For laying concrete 
blocks, equal parts of lime and cement are sometimes used in 
making the mortar. 

Great care should be taken that the lime is thoroughly 
slaked when used in this manner, for any unslaked particles 
may, through their expansion, ultimately cause disintegra- 
tion of the mortar. For this reason slaked lime should be 
strained before use, to remove any unslaked particles. 
Hydrated lime is to be preferred for use in cement mortar, 
because its complete slaking is assured. Hydrated lime may 
also be more readily handled and measured on the work. 

Occasionally, small quantities of cement are added to lime 
mortars so as to make them set quicker and to increase their 
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strength. Such mixtures, however, are net especially econom- 
ical nor are they convenient in practice. For these reasons. 
they are very seldom employed. 


CONCRETE 


MIXING CONCRETE 


THEORY OF PROPORTIONS 


85. Fundamental Principles.—The two most impor- 
tant requisites of good mortar or concrete are strength and 
durability. A strong concrete is desirable because less mate- 
rial is needed to support a given load and therefore the cost 
of the structure is reduced. Strength also includes adhesion 
to other substances; for example, mortar must adhere to 
bricks in masonry and concrete must adhere to the steel bars 
in reinforced concrete. 

In order to obtain a durable concrete, not only must the 
ingredients themselves be durable but the mixture must be 
impermeable. Impermeahbility is the property that pre- 
vents the entrance of water into the mortar and concrete after 
they have hardened. The presence of water in masonry is 
in itself objectionable because water expands when it freezes 
and its expansion fractures the masonry, causing rapid dis- 
integration. Impermeability is of further importance where 
the masonry protects materials susceptible to injury by damp- 
ness, as, for instance, in warehouses and dwellings, and also 
where the masonry contains steel bars or steel beams, which 
corrode if exposed to the action of water. 

To give the best results, the ingredients of mortar or con- 
crete must be proportioned according to the following prin- 
ciples: (1) Each individual particle of aggregate must be 
coated with a film of cementing material; (2) all the voids, 
or spaces, between the individual grains must be filled; and 
(3) the mixture must contain the proper amount of water. 
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86. Coating the Aggregate.—Since the grains of sand 
and pieces of stone which constitute the aggregate are not 
united until coated with a film of cement paste, and since 
it 1s the hardening of this cement-paste film that causes the 
hardening of the mass, it is most important that there be at 
least sufficient cement paste to coat each grain of sand in the 
mortar, and sufficient mortar to coat each piece of stone in the 
concrete, as otherwise there can be no cohesion between the 
particles. A mixture so proportioned that each particle is 
coated will be stronger than one in which this condition 
does not exist, but, if the spaces, or voids, between the par- 
ticles are not filled, it will not be dense; that is, the mix- 
ture will contain many pores and ducts through which water 
may enter the masonry. The results of tests demonstrate 
also that the strength of concrete increases as its density 
increases; it is therefore important to produce a mixture of 
maximum density both to increase the strength and to decrease 
the permeability. 


87. Filling the Voids.—In order to avoid pores and 
ducts, all the voids must be filled, and the most economical 
way of filling them is so to grade the aggregates that all the 
interstices between the large pieces are filled with smaller 
pieces, and the spaces between these with still smaller pieces, 
the smallest spaces of all being filled with cement paste. Com- 
plete elimination of the voids is an ideal condition rarely, if 
ever, attained, but the more nearly this ideal is approached 
in any given case, the more satisfactory the work will be. 
One reason why it is so difficult to fill the voids completely 
is that the materials found in nature—such as sand and stone— 
are not properly graded and cannot be regraded without great 
expense; another is that the mixture, when placed in the 
molds, carries with it air bubbles that are not driven out, but 
which stay in the hardened mass as cavities of smaller or 
greater dimensions. The principal reason why voids exist 
in concrete is, however, that the amount of water has not 
been correctly gauged. How voids are so caused will now 


be explained. 
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S88. Effect of Consistency.—Cement paste, mortar. 
and concrete harden because a certain chemical process of 
highly complicated and not fully understood nature takes 
place between the cement and the water. There must be 
enough water in the mixture to permit the completion of this 
process; this water is completely assimilated by the masonry 
and becomes a part thereof, but as some water is always lost 
by evaporation, there must be a surplus of water over that 
required for the chemical process. If, however, the mixture 
contains much water in addition to that necessary for the 
chemical process, the surplus water will not become a part 
of the masonry, but will remain scattered in the mortar or 
concrete in the form of drops which in time evaporate or seep 
away, leaving in the spaces formerly occupied by it a corre- 
sponding volume of voids. The amount of water used in 
preparing the mixture therefore affects the density and per- 
meability of the masonry, and it is now generally accepted as 
a result of careful tests that the amount of water used in the 
mixture also affects the strength and adhesion. 

According to Professor Abrams, the fact that the best con- 
crete is obtained by filling all the voids in the aggregate is 
explained by the theory that a well-graded mixture requires 
less water than a poorly-graded one. To illustrate the effect 
of excess water, assume that the concrete contains one bag 
of cement, 6 cubic feet of aggregate, and the minimum amount 
of water to give a workable mixture, in this case 53 gallons. 
This mixture contains 94 pounds of cement, and, according 
to Professor Abrams, the addition of 1 pint of water will 
decrease the strength of the concrete as much as if 3 pounds 
of cement were left out, and the addition of 1 gallon of water 
will decrease the strength 25 per cent., or approximately as 
much as if 25 pounds of cement had been omitted. 

The results of tests made at the Lewis Institute show that 
there is a certain quantity of mixing water which will give 
maximum strength of concrete for a given proportion of 
aggregates and given materials. Increase or decrease in this 
quantity results in a rapid reduction in the strength of the 
concrete. Although in most types of construction it is imprac- 
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ticable to use concrete as dry as that giving maximum strength, 
as little sacrifice of strength as possible should be made. This 
is done by using the smallest quantity of mixing water that 
will produce a concrete that can be placed in the forms for the 
given structure, as explained in the next article. 


89. Consistency Used in Practice.—In the field the 
consistency of mortars and concretes is determined largely by 
practical considerations such as convenience in handling and 
placing the mixture. The quantity of water is given as a per- 
centage of the amount of cement in the mixture, either volumes 
or weights being used. It is a good rule to make the concrete 
just wet enough so that it will flow like a stiff, yet plastic, 
paste into the recesses of the forms and down the chutes used 
for its conveyance, which preferably should slope 27 degrees 
or more with the horizontal. This consistency is often referred 
to as quaking, or jelly-like. Too much water reduces the 
strength of the concrete, and a great excess of water results 
in the formation of a white, chalky substance called laztance, 
which has no strength and mars the appearance of the work. 
Besides, in a wet mix, the heavier particles are liable to sepa- 
rate out and settle to the bottom. On the other hand, a dry 
concrete or mortar is stiff and hard to work. 

It must not be forgotten that the aggregate absorbs water. 
In order to avoid the danger of non-uniformity in the plas- 
ticity of the concrete and to be sure that no water intended 
for the cement will be absorbed by the aggregate, the aggregate 
should be wetted before being used. 


90. Slump Test.—The following test, called the slump 
test, is proposed by the Joint Committee on Standard Speci- 
fications for Concrete and Reinforced Concrete for determin- 
ing the proper consistency of concrete. The newly mixed 
concrete is placed in a metal mold having the form of a trun- 
cated cone. It is 8 inches in diameter at the base, 4 inches 
in diameter at the top, and 12 inches high, and has handles 
at the sides. The concrete is lightly tamped in the mold and 
completely fills it. The mold is immediately removed and the 
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height of the concrete is measured. The settlement, or slump, 
is found by subtracting this height from 12 inches. 

The allowable value of the slump varies with the character 
of the work; for mass concrete, and for heavy sections of rein- 
forced concrete, it should not exceed 2 inches; for columns, 
its maximum value is 6 inches; and for thin horizontal sec- 
tions, it may be 8 inches. 


91. Arbitrary Proportioning of Aggregates.—It has 
been previously explained that most of the aggregate in con- 
crete should be as large as possible but that a certain quantity 
of fine material is necessary to reduce the voids. In general, 
it may be stated that the coarse aggregate gives strength, 
while the fine aggregate gives density. The voids in a volume 
of broken stone occupy about 45 per cent. of the mass. There- 
fore, to fill these voids a quantity of sand equal to about one- 
half the volume of stone is required. When the proportions 
of the ingredients are selected arbitrarily practically all con- 
crete mixtures contain twice as much stone as sand. The 
strength of the concrete is varied by changing the ratio of 
cement to sand. Of course it is assumed that the proper 
amount of water is used. 

For ordinary purposes, the concrete mix consists of 1 part 
cement, 2 parts sand, and 4 parts stone; this is written 1 : 2 : 4 
and read one two four. Mixtures of 1 : 14:3, 1: 23:5, and 
1:3:6 are also used under special conditions. Although 
more scientific methods of proportioning give denser mix- 
tures, the arbitrary method is most commonly used because 
a uniform supply of aggregate is rarely obtainable in prac- 
tice and frequent changes in the proportions would be neces- 
sary to conform to variations. The engineer specifies the 
proportions of the ingredients and the required strength of the 
concrete and frequent compressive tests of the mixture used 
on the job should be made to see if it has the required strength 
and workability. If the concrete fails to meet the specifica- 
tions, the necessary changes must be made in the materials, 
grading of aggregate, proportions of ingredients, or method 
of mixing, in order to secure satisfactory results. 
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92. Proportioning by Density Tests.—In order to find 
the most suitable proportions by weight, a series of simple 
experiments may be made. These are based on the idea that 
the densest concrete is the best. The densest concrete obtain- 
able from a given total weight of sand and stone will be the 
one occupying the least volume, because the sand fills the 
voids between the stone and the smaller the resulting volume 
the smaller becomes the volume of voids. A fixed weight of 
dry, coarse aggregate, and one-half the same weight of dry 
sand are mixed and shaken together in a cylindrical vessel, 
and the height to which the mixture fills the cylinder is marked. 
Various other mixtures of the same total weight are tried, con- 
taining more sand and less stone, or containing less sand and 
more stone, and the levels of the various mixtures in the cylin- 
der are noted. It will be found that the different mixtures, 
though of the same weight, do not reach to the same level; 
the one reaching to the lowest level is the densest mixture, 
and the sand and stone are proportioned accordingly in the 
concrete. Similar experiments with cement and sand will give 
the best proportions to use for mortar. 

Where the aggregates are to be proportioned by volume a 
similar method may be employed, wherein mixtures of meas- 
ured volumes of sand and stone are placed in the cylinder, 
the cylinder always being filled to the same level in order to 
obtain the same total volume. Each time the cylinder is filled 
with one of the various mixtures it is weighed, and the mixture 
giving the greatest weight is the one to be used. Similar tests 
may be made by mixing the various proportions of aggregates 
with cement and water to form trial batches of concrete, 
which are placed in the cylinders and the resulting vol- 


umes compared. 


93. Proportioning for Strength.—The Joint Com- 
mittee on Standard Specifications for Concrete and Reinforced 
Concrete proposes that the quality of concrete shall be 
expressed in terms of workability as determined by the slump 
test, and of the compressive strength at 28 days as deter- 
mined by tests of the materials to be used, mixed in given 


TABLE VII 
PROPORTIONS FOR 2,000-POUND CONCRETE 
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TABLE VIII 
QUANTITIES OF MATERIALS FOR 1 CUBIC YARD OF 2,000-POUND 
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The volume of cement is expressed in barrels and of aggregetes in cubic yards. 
F=fine aggregate; C =coarse aggregate. “1 2 
Quantities are net, no allowance being made for waste; for average conditions, the following additions are 


suggested: Cement, 2%; fine aggregate, 10%; coarse aggregate, 5%. 
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proportions and made into standard test cylinders. The com- 
mittee recommends the testing of field specimens during the 
progress of the work, to enable the engineer to change the 
proportions if necessary in order to produce concrete of 
the desired strength and consistency. | 

In order to furnish a guide in the selection of proportions 
to be used in preliminary investigations of the strength of con- 
crete from given materials and to indicate the proportions 
which may be expected to produce concrete of a given strength 
under average conditions, Professor Abrams, of the Lewis 
Institute, Chicago, has compiled a series of tables to give the 
proportions and the quantities of materials required. 

The complete tables give values for 1,500-, 2,000-, 2,500-, 
3,000-, 3,500-, and 4,000-pound concrete. Table VII repro- 
duces the proportions and Table VIII the quantities re- 
quired for 2,000-pound concrete, that is, a strength of 2,000 
pounds per square inch at 28 days. The values in bold- 
faced type are to be used if no preliminary or field tests 
are made. 

The classification for minimum and maximum sizes of a 
given aggregate is determined from a sieve analysis (using 
only the sieve sizes given in the table and for an aggregate 
graded in size between the limits shown) by the following 
rules: (1) At least 15 per cent. shall be retained on the sieve 
next smaller than that considered the maximum size. (2) Not 
more than 15 per cent. of a given coarse aggregate shall be 
finer than the sieve considered as the minimum size. 


94. Fuller’s Rule for Quantities.—A practical rule 
has been devised by W. B. Fuller whereby, after the propor- 
tions of ingredients have been fixed, the quantity of material 
per cubic yard of concrete may be obtained. This rule may 
be expressed in mathematical symbols as follows 


Let c=number of parts of cement; 
s=number of parts of sand; 
g=number of parts of gravel or broken stone; 
C=number of barrels of Portland cement required for 
1 cubic yard of concrete; 
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S=number of cubic yards of sand required for 1 cubic 
yard of concrete; 

G=number of cubic yards of stone or gravel required 
for 1 cubic yard of concrete. 


Then, ae ise (1) 


Spee Crests (2) 
27 


3.8 
G="- Cg=.14 C 3 
Se g (3) 


If the broken stone is of uniformly large size with no smaller 
stone in it, the voids will be greater than if the stone were 
graded. Therefore, for this condition, 5 per cent. must be 
added to each value found by the preceding formulas. 

EXAMPLE.—If a 1 : 2: 4 mixture with graded aggregate be considered, 
what will be: (a) the number of barrels of cement, (b) the number of cubic 
yards of sand, and (c) the number of cubic yards of stone required for 
1 cubic yard of concrete? 

SoLuTION.—(a) Here, c=1, s=2, and g=4. Substituting these values 
in formula 1, 


C=—— = 1.57. Ans. 
14+2+4 


(b) Substituting the values of Cand sin formula 2, 
S=.141.57xX2=.44, Ans. 

(c) Substituting the values of C and g in formula 3, 
G=.14X1.57X4=.88. Ans. 


EXAMPLES FOR PRACTICE 


1. How much: (a) Portland cement, (b) sand, (c) broken stone is 


required to make 1 cubic yard of 1: 3:6 concrete? (a) 1.10 bbl. 
Ans.{ (6) .46 cu. yd. 


(c) .92 cu. yd. 


2. A certain mass of concrete is to be 15 feet long, 15 feet wide, and 
12 feet deep. If a1:24:5 mixture is used, how much will be required 


of: (a) cement? (b) sand? (c) broken stone? (a) 129 bbl. 
Ans.§ (b) 45 cu. yd. 


(c) 90 cu. yd. 
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METHODS OF MIXING 


95. General Remarks.—Thorough and careful mixing 
of the ingredients of concrete is secondary in importance only 
to the correct proportioning of the materials. It has been 
explained that it is important so to proportion the relative 
amounts of cement, sand, stone, and water that each grain 
of sand can be coated with a film of cement paste and each 
stone with a film of mortar. This coating can only be accom- 
plished by thorough mixing of the ingredients; in addition, 
thorough mixing is necessary in order to make the mass uni- 
form throughout. Unless the cement is uniformly distributed 
throughout the concrete there will be some portions of the 
concrete that are weaker or more porous than others, and 
the-quality of the work as a whole is determined by that of 
the weakest part. 

Concrete can be mixed either by hand or by machine. 
Good concrete can be mixed by hand, but the labor involved 
is considerable and unless the job is a relatively small one, 
machine mixing will be found more economical, and will insure 
more thorough mixing. It is far too common for those mixing 
concrete by hand to slight the work, thus producing imper- 
fectly mixed concrete. 


96. Hand Mixing.—When concrete is mixed by hand, 
measured quantities of the ingredients are assembled on a 
water-tight platform, the total amount being sufficient to 
produce what is called a batch of mixed concrete. A batch 
may be of any convenient size, but usually contains either 
one or two full bags of cement. As determined by the pro- 
portions used, the required amount of sand is first spread out 
on the platform, then the proper number of bags of cement 
is dumped on top, and the two are turned together with square- 
pointed shovels until a uniform color, indicating thorough 
mixing, is obtained. The pebbles or broken stone, first thor- 
oughly wet, are then spread in a layer on top of the cement and 
sand, and all of the materials are again mixed with shovels. 
Then a depression or hollow is formed in the center of the pile 
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and water is added slowly and continuously, preferably by a 
spray from a hose or watering can, while the material is turned 
at least six times and until the cement, sand, and pebbles or 
broken stone have been thoroughly and uniformly mixed and 
the desired consistency obtained. 

Sometimes another method is employed wherein water is 
added to the cement and sand and a mortar formed, to which 
the coarse aggregate is then added. Both methods of mixing 
give satisfactory results in practice. 


97. Machine mixers are of two classes, namely, batch 
mixers and conlinuous mixers. In the batch mixers, measured 
quantities of materials for a batch of concrete are fed into a 
power-driven revoiving steel drum in which there are blades 
or buckets that handle the ingredients so as to mix them thor- 
oughly. The mixing of each batch should continue from 1 to 
13 minutes after all the materials are in the mixer and the 
peripheral speed of the blades should be about 200 feet per 
minute, or the drum should revolve at a speed of 15 to 20 
revolutions per minute. The batch is discharged by tilting 
the drum or by swinging a chute into a position where it will 
catch the plastic concrete and carry it out of the drum. Each 
batch is handled as a unit and no fresh material is added until 
all the mixed material has been removed from the drum. 

In a continuous mixer raw materials are stored in a series 
of hoppers placed over one end of a semicircular trough in 
which revolves a shaft that has blades or shovels attached 
to it. The motive power is generally a gasoline engine or an 
electric motor. Dry materials are fed automatically from the 
hoppers into the trough, and are mixed and carried along by 
the blades to the discharge end, water being added in transit. 
The distinctive feature of these mixers is that concrete is dis- 
charged continuously from one end of the trough. 

Batch mixers are used almost exclusively in engineering 
work, and the use of continuous mixers is confined to mixing 
mortar for brick and stone masonry and to mixing concrete 
for concrete products and small foundations. One objection 
to the continuous mixer is that the quality of the concrete is ° 
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not uniform because variation in the moisture content of the 
aggregate or irregularity in the flow of cement from the hop- 
pers is likely to prevent uniform proportioning. The other 
important objection is that the time of mixing is not under 
such control as in the batch mixers. 


PLACING CONCRETE 


98. Forms.—It is usually necessary, when placing con- 
crete, to confine it in forms or molds. This is essential on 
account of its tendency to run and spread while still wet. 
The forms are generally of wood. Sometimes, as in founda- 
tions, concrete is simply put into the excavation and confined 
by the earth walls. This is not likely to make as good con- 
crete as when wooden forms are used. 

In building concrete forms a few fundamental principles 
should be applied; outside of these principles, the details of the 
work are mainly a matter of experience and judgment. In 
the first place, the timber used for making the forms should 
be injured as little as possible, so that it may be taken down 
and used over again either for more forms or for other purposes. 
On account of their temporary character, no more time or 
expense should be spent in making the forms than is abso- 
lutely necessary. It is injurious to the concrete to harden 
in forms that are not stiff or are likely to deflect, as this may 
interfere with the setting. For this reason, except for very 
light work, forms should be built perfectly solid, usually 
of 2-inch plank. Most authorities claim that forms should 
be comparatively waterproof, but it seems to be sufficient to 
have the mold just tight enough to prevent the concrete from 
running through the cracks between the timbers. 

It is customary to use dressed lumber in work above ground. 
When undressed timber is used, the rough surface is repro- 
duced plainly on the surface of the concrete, which presents 
an unsightly appearance; also the concrete tends to stick to the 
forms. It is bad practice to use material that will warp when 
wet. The best molds for concrete are made of a good grade 
of white pine. The tendency of concrete to adhere to the 
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forms can be largely overcome by moistening them. It will, 
however, pay in the end to coat with a special mineral oil all 
the surface material coming in contact with the concrete, 
because then it will not only be much easier to remove the 
forms, but the coating also will prevent the moisture from 
entering the wood and causing it to swell or warp. In hot, dry 
weather the lumber should be coated as soon as it arrives on 
the work, so as to protect it against drying out too fast and 
warping, for it is almost impossible to use warped lumber for 
lagging. 


99. Conveying Mixed Concrete.—As the hardening 
action resulting from the combination of cement and water 
begins very soon after a batch is mixed, the fresh concrete 
should be deposited in place as quickly as possible. On jobs 
where the concrete does not have to be raised much above 
the level of the mixer, wheelbarrows or hand carts can be 
used to convey the concrete to the forms. In placing concrete 
for structures such as buildings, the work warrants installing 
special apparatus to save both time and labor in transporting 
the mixed concrete. Elevators, dump cars, and chutes are 
ordinarily used. 

When using a chute, or spout, there should be a practically 
continuous flow and the angle made by the spout with the 
horizontal should be such as to prevent separation of the 
ingredients of the concrete; an angle of about 27 degrees is 
good practice. When the operation is intermittent, the chute 
should discharge into a hopper from which the concrete can 
be taken as desired. All equipment should be kept clean 
from hardened concrete and foreign materials. 


100. Depositing Concrete.—Before placing concrete, 
the space to be occupied should be cleared from debris and 
the forms thoroughly wetted or oiled. Water should be 
removed from the excavations, and if there is a continuous 
flow, it must be diverted to prevent the washing out of the 
cement. The concrete should be deposited as nearly as prac- 
ticable in its final position to avoid rehandling. It should be 
placed in approximately uniform horizontal layers and not 
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piled up so that the coarse aggregate will escape from the 
mortar. During and immediately after depositing, the con- 
crete should be thoroughly compacted by means of rods or 
forks and should be worked around embedded steel rods or 
other fixtures, and into the corners of the forms. Where 
rodding is not practicable, as in thin walls, the concrete is 
assisted into place by tapping the forms. Depositing should 
be continuous until the unit of construction is completed. 
If joints are necessary at points other than called for on the 
plans, they should be made where the strength and appear- 
ance of the structure are least impaired. Tamping of the 
concrete is only necessary when a very dry mixture is used 
and pressure is required to compact the mass. 


10%. Use of Rubble Concrete.—In massive construc- 
tion such as foundations, piers, and abutments, rubble con- 
crete (defined in Art. 5) may be used, but it is not suitable 
in thin walls where strength and watertightness are required. 
Experience has shown that rubble concrete for thin walls is 
not so economical as might appear on first thought, because 
extra labor expense is involved in handling and placing the 
stones properly. Also, a richer mortar and a thicker wall are 
required than would be used in plain concrete construction 
to give the same strength. As a rule it will be found more 
econonical to break up the stones into small pieces corre- 
sponding to well-graded pebbles, and use them in a concrete 
mixture. 

The best way to place rubble concrete is first to put in the 
forms a few inches of a quaky 1: 2:4 concrete. Large, hard, 
clean, wet field stones may then be laid on the concrete in the 
forms, then more concrete added, taking care that each stone 
is completely surrounded by a thick mass of concrete, and so 
on. The large stones should not lie nearer to each other than 
3 inches, and the volume of large stones used should not exceed 
one-third of the total volume of the concrete being placed. 


102. Joining New Concrete With Old.—New and old 
concrete can be joined only with great difficulty, and the 
strength of such a connection is always uncertain. The join- 
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ing is best done by chipping and cutting away the old surface, 
thoroughly cleaning it of all dust, dirt, and loose particles, 
saturating it with water, painting it with a cement grout 
paint mixed to the consistency of thick cream, and then, while 
this coating is fresh, immediately placing the new concrete. 
As cement begins to harden within a very short time after 
combining with water, the grout paint should be applied only 
a short distance in advance of the work of depositing. The 
cleaning can be done very thoroughly by means of wire brooms 
and water under pressure. 


103. Placing Concrete in Cold Weather.—In order 
to prolong the season, it is often desirable to place concrete 
in cold weather. Concrete made with natural cement is 
seriously injured and its strength seriously impaired if laid 
when the thermometer is much below the freezing point. On 
the other hand, Portland-cement concrete does not seem to be 
affected so much by the cold. Chilled concrete, it is well 
known, sets much more slowly than warm concrete. If the 
temperature is so low that the water in the concrete has time 
to freeze there may not be enough water to form a chemical 
union with all of the cement. If all the materials except 
the cement are previously heated so that the concrete when 
placed has a temperature of from 70 to 80 degrees, and if it is 
properly protected so that the temperature of the mass is 
maintained at not less than 50 degrees for 72 hours, the work 
in most cases will be successful. 

Salt, chemicals, or other foreign materials should not be 
used to prevent freezing of the water because they reduce the 
strength of the concrete. The best way to heat the materials 
is by having them come in contact with steam either through 
pipes or directly. 

Boiling water should not be used in mixing, since it causes 
a very quick set of the cement, called a flash set, and the con- 
crete hardens before it can be placed in the forms. Even in 
milder weather following freezing temperatures, the aggregates 
must be heated to insure the removal of frost, which will 
remain in the inner portions of a pile for a long time. 
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104. Protection From Cold.—Various methods are 
used to protect the concrete against possible damage from 
freezing after it is placed. Coverings of canvas, straw, or 
similar material can be used on horizontal surfaces, while ver- 
tical faces also may be covered with canvas hung away from 
the forms. Manure should never be placed directly on con- 
crete as a means of protecting against freezing. Manure, 
however, gives off considerable heat in the process of decom- 
position, and therefore affords good protection to concrete if 
care is taken to keep it away from the concrete surface by a 
layer of straw, canvas, or closely laid planks. Earth can be 
used in the same manner as manure, but is not quite so good 
protection. 

In the construction of concrete buildings during freezing 
weather, it is customary to use canvas sheeting to surround 
the parts being poured and place charcoal burners or braziers 
on the floor below to generate heat enough to keep the newly 
placed concrete from freezing. 

Concrete in heavy masonry can be deposited during cold 
weather with less lability of trouble than threatens in the 
thin walls and floors of buildings. When concrete in large 
masses is setting, the amount of heat generated may be suf- 
ficient to keep the inner portions warm for several weeks. 
Therefore, if the mass is well covered for a few days during 
freezing weather, the internal heat will produce a sufficiently 
hard set to permit the covering to be removed. Full surface 
hardness sometimes is not obtained until the return of mild 
weather, but no harm appears to resu't to the concrete if the 
surface is exposed to freezing after the initial stage of hard- 
ening is passed. 

In spite of all precautions taken, it may happen that con- 
crete freezes before hardening. Frozen concrete resembles 
properly hardened concrete to such an extent that even experi- 
enced men are sometimes deceived. When the frost thaws, 
the concrete becomes somewhat crumbly and soft, until it 
absorbs enough of the water liberated to acquire its final hard 
set. After this, the concrete will be as solid as ever, except 
perhaps the outside layer, about } inch thick, which may have 
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peeled off. If concrete is laid in freezing weather it should 
never be loaded until it thaws; forms should not be removed 
until mild weather has insured complete hardening of concrete 
that may have been frozen. 


105. Concreting in Hot Weather.—Many persons 
have the erroneous impression that the hardening process that 
takes place in concrete is due to drying. When hot, dry winds 
or the rays of the summer sun strike fresh concrete, much of 
the water introduced in mixing rapidly evaporates and com- 
plete setting of the cement is prevented. When temperatures 
are not extremely high, sprinkling of the concrete alone, if 
done at sufficiently frequent intervals, will often give the 
desired protection; otherwise, exposed surfaces should be 
covered with wet canvas. 

Protection of concrete work in warm weather sometimes 
involves special attention to the aggregates. Sand piles may 
have been so exposed to sun and wind that the sand is thor- 
oughly dried out. This condition should be watched, and 
where a certain quantity of water was determined necessary 
for a batch of concrete when the sand contained considerable 
moisture, the quantity of water must be increased as the sand 
becomes drier, so as to maintain the same consistency for 
successive batches. 


106. Depositing Concrete Under Water.—When it is 
necessary to place concrete in water, it is always best to sur- 
round the site of the work with a water-tight temporary dam, 
called a coffer-dam, and to remove the water within the coffer- 
dam by pumping, so that the concrete can be deposited in the 
dry space thus formed. In many cases, however, other means 
must be used for placing the concrete. 

In placing concrete under water, extreme care must be used 
to prevent the water from washing the cement away from the 
mixture. To avoid this, the concrete should not be permitted 
to fall through the water, and no current of water should strike 
the concrete before it hardens. It is therefore necessary to 
surround the space to be concreted with a water-tight form 
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Pumping water from the forms should not be permitted while 
the concrete is being deposited or while it is still plastic. 

Concrete, properly made and properly protected, is not 
affected by sea-water, because a very hard shell of limestone 
chemically forms on the surface, and limestone is insoluble 
in salt water. If, however, this crust of limestone fails to 
form, or if it is destroyed by abrasion or other mechanical 
means, then the deterioration of the underlying, softer layers 
of the concrete proceeds rapidly. 


107. Three different methods have been successfully 
used for depositing concrete under water; namely, (1) buckets, 
(2) cloth bags, and (8) a tremze, or spout. 

The buckets should be open at the top and the bottom 
doors should open downward. The bucket should be com- 
pletely filled and lowered slowly. It should not be discharged 
until it rests on the surface to be concreted, and should be 
withdrawn slowly until clear of the concrete. 

The tremie is a water-tight tube sufficiently large to per- 
mit the free flow of concrete through it. There is usually a 
hopper at its upper end to better receive the concrete. Its 
lower end is temporarily closed and it is lowered into position, 
resting on the surface to be concreted. Newly mixed con- 
crete is then fed into the hopper above the water until the 
tremie is full of concrete and the concrete flows out at the bot- 
tom. After a while the flow will cease because the concrete 
piles up around the bottom of the tremie, choking off the 
stream. The apparatus is then lifted a few inches and when 
the flow starts anew the tremie is slowly swung over the area 
to be concreted, the hopper being always kept full. If the 
tube is raised too high, the concrete escapes all at once and the 
tremie must then be withdrawn and refilled. If the concrete 
is too wet, the charge in the tremie is liable to run out, while 
if too dry, the concrete may block the passage through the 
tube. 

Concrete for use under water should contain more cement 
than that used for work on dry land and the amount of fine 
and coarse aggregate combined should never exceed six parts 
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to one of Portland cement. Hand mixing should not be per- 
mitted. The concrete should be deposited continuously and 
with sufficient rapidity to insure bonding of the successive 
layers. The top surface should be kept nearly level. While 
being deposited, the concrete should be disturbed as little as 
possible to prevent the formation of laitance, whichis a chalky 
deposit of low strength produced by the drying of extremely 
fine particles that separate from the freshly laid concrete and 
collect on the top surface. 


108. Concrete Blocks.—For light walls of buildings, 
especially dwellings, precast concrete blocks laid in mortar 
are extensively used. It is usual to make these blocks hollow 
in order to decrease the weight of the wall, save material, and 
prevent the passage of moisture through the wall. 

In the manufacture of concrete blocks, the mold in which 
each block is made is required as soon as possible, so that it 
can be used over again, and thus increase the capacity of the 
machine to which it belongs. For this reason, the concrete- 
block manufacturers use, as a rule, a rather dry concrete, and 
attempt to supply the remainder of the water required for the 
complete setting of the cement by curing the blocks; that is, 
by sprinkling them with water for a week or so. The con- 
crete is compacted by tamping or by applying mechanical 
pressure. 


PROPERTIES OF CONCRETE 


109. Strength.—Concrete has a low tensile strength, but 
its compressive strength is comparatively high; it is therefore 
economical to use this material to resist compression, as in 
piers and foundations. In conjunction with steel rods and 
bars, which carry all the tensile stresses, concrete is exten- 
sively used in practically all kinds of construction. This 
combination, called reinforced concrete, is rapidly replacing 
other materials for use in many types of structures. 

The ultimate strength of a block of concrete is the greatest 
unit stress, usually expressed in pounds per square inch, to 
which the block can be subjected without breaking. The 
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ultimate strength of concrete depends on the proportions and 
character of the ingredients, the manner of mixing and placing 
the concrete, the quantity of water used, the weather con- 
ditions existing at the time of mixing and placing the concrete 
and during the early period of hardening, and on the age of the 
concrete. The requirements relating to all these factors can- 
not always be fulfilled in an absolutely satisfactory manner, 
therefore in concrete construction it is necessary to allow a 
large margin of safety. 

The ultimate strength of concrete to be used on a job may 
be specified by the engineer, as its value must be known in 
order to design a structure. To determine whether the 
requirements are satisfied, a standard cylinder of the concrete 
to be used is tested as explained in Art. 60. Table IX gives 


TABLE Ix 


STRENGTHS OF DIFFERENT MIXTURES OF CONCRETE, IN 
POUNDS PER SQUARE INCH 


Aggregate 1 3 1344 1G} 1:74 1:9 


Granite, trap rock.................| 3,800 | 2,800 | 2,200 | 1,800 | 1,400 
Gravel, hard limestone, hard sand- 


stone, and approved slag......... 3,000 | 2,500 | 2,000 | 1,600 | 1,300 
Soft limestone and sandstone....... 2,200 | 1,800 | 1,500 | 1,200 | 1,000 
Ginders ee Bx ersten, Mary 800} 700} 600] 500} 400 


the average ultimate strength of good concrete in pounds per 
square inch. The proportions are expressed in parts of total 
aggregate to one part of cement. Thus, a 1 : 6 mixture may 
mean | part of cement to 6 parts of pit-run gravel or to 2 parts 
of sand and 4 parts of stone. 


110. Durability.—In order to be suitable for construc- 
tion purposes, a material must not only be strong, but it must 
be able to resist disintegration. The two chief requisites for 
durability are impermeability against water and refractory 
properties in resisting fire. As has been explained, concrete 
can be made dense enough to ‘practically exclude moisture. 
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In case added protection is required, the hardened surface of 
the concrete can be coated with a waterproof paint or with 
asphalt applied with a brush while boiling hot. Of course 
these coatings are unsightly but are seldom necessary on sur- 
faces exposed to view. Coating the hardened surfaces of the 
concrete with pure cement wash or rich mortar also gives good 
results. The substances used for waterproofing mortar can 
also be used for concrete. These coatings are easily and 
cheaply applied, but the objections to their use are that they 
are liable to crack when the masonry cracks and they are 
liable to separate from the masonry and peel off. The most 
widely employed method is to coat the hardened concrete 
with an elastic membrane such as bitumen or coal-tar pitch 
reinforced with felt or fabric. These membranes are expen- 
sive and, as they are susceptible to injury from the outside, 
they are usually protected by a covering of brick or concrete 
which increases the cost. 


111. Fire Resistance.—The ingredients used in con- 
crete are affected by intense heat, but on the whole there is 
no better fireproofing material than good stone concrete 
because it is a relatively poor conductor of heat and has con- 
siderable resistance to shocks. Granite is lable to crack or 
burst at a high temperature and limestone is likely to crumble, 
but these materials are considered highly refractory. Also, 
after the cement has set, the chemical union of its particles 
may be destroyed by fire, owing to the fact that intense heat 
robs the cement of the water of crystallization or dehydrates 
it, thus softening the surface material and making it crumbly. 
However, dehydration extends below the surface only for a 
depth of 4 to 3 inch and is not likely to penetrate farther into 
the concrete. 

Reinforced concrete is very durable if the steei is placed a 
sufficient distance from the surface of the concrete, because 
the steel is thus protected from corrosioti by moisture and also 
from injury by fire. The Joint Committee recommends a 
minimum covering of 1 inch of concrete for steel in floor slabs, 

1 inches in beams, and 2 inches in girders and columns. 
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112. Shrinkage of Concrete.—All concrete shrinks 
when allowed to harden in air. For example, in the construc- 
tion of columns 15 to 20 feet high, the top surface of the con- 
crete will drop as much as 4 inch from the time of filling the 
forms until the concrete has passed beyond the early harden- 
ing period. Undoubtedly part of the apparent shrinkage 
observed is due to settling of the material rather than to 
actual shrinkage. The shrinkage in concrete is less than in 
mortar because the stone does not shrink. 

The shrinkage of concrete is lessened by embedding in it 
steel rods or bars, which to a considerable extent prevent the 
shrinkage of the material in hardening. 


113. Weight of Portland-Cement Concrete.—Aver- 
age weights per cubic foot of Portland-cement concrete made 
with various coarse 

TABLE X ageregates are: listed 

AVERAGE WEIGHTS OF CONCRETE jn Table X. The 


——— ee acta) rere oiea 


Kinds of Coarse pie Sie given specimen de- 
Aggregate Sere pends on the propor- 
Se ee Ole OL Nene miuetos 

Cid eriig iat asites op 1 112 dients, the specific 
Conglomerate....... 150 gravities and the 
epiiles AMmecarhes acts 150 grading of the aggre- 
eciane oe taaatiae 148 gates, the consistency 
SAnaStone ww eee eee 143 to which the concrete 
Trap rock........... 155 was mixed, and the 
degree of compact- 


ing—all of which 
affect the density of the concrete. The average values, how- 
ever, are useful in design computations and in estimating the 
loads on forms. 


114. Surface Finish.—Concrete surfaces are susceptible 
to a variety of finishes. In one method, the coarse aggregate 
is kept back from the forms, when depositing the concrete, 
by careful spading next to the forms or by the use of special 
flat tools; as soon as the forms are removed, the surface 
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of the concrete is wetted with water and rubbed smooth 
with a brick of coarse carborundum or of mortar. 

A facing of mortar or plaster can be applied te the concrete 
surface; in this case it is advisable to leave pockets in the sur- 
face by not spading the concrete thoroughly next to the forms; 
this provides a better bond for the facing. What is known as 
a granolithic finish is obtained by applying a specially selected 
mixture to the surface of the concrete at the time the concrete 
is placed. This is done by means of sliding plates which are 
kept between the concrete and the finish as they are deposited 
and which are gradually withdrawn as the work progresses. 
Colored aggregates may be used, or mineral pigment mixed 
dry with the cement and fine aggregate in order to give a 
desired color to the finished surface. 

There are various tools for giving a concrete surface the 
appearance of stonework. A sand blast is sometimes used 
when the expense involved is small compared to the cost of 
the structure. If the forms are removed about 12 hours after 
the concrete has been placed, the surface mortar can be 
brushed off and the broken stone exposed by means of a steel 
or stiff rattan brush. 
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STONE AND BRICK 
STONE 


INTRODUCTION 


1. The materials employed in the construction ot 
masonry are stone, brick, terra cotta, and the cementing 
materials—cement, lime, and sand—used in the manufacture 
of mortars. In order that enduring structures may be 
erected, it is necessary to have a knowledge of: (1) the 
source of the materials; (2) their properties; (3) the methods 
of preparing them; and (4) the manner of placing them in 
the structure. 


2. Rocks of many different kinds are found in the earth’s 
crust, but only a few are suitable for structural purposes, 
owing to the difference in quality arising from the difference 
either in chemical composition or in physical structure. 
These differences frequently fit the various stones for special 
purposes. 

The properties that determine the fitness of a _ stone 
for constructive purposes, and prRHEPane which accurate 
knowledge is most essential, are: 

1. Durability, or the ability of the stone to resist, for a 
considerable length of time, the disintegrating action of the 
several physical and chemical agents to which it will be 
exposed. Durability is affected by both the chemical com- 
position and the physical structure of the stone, as well as 
by the character and position of its exposed surfaces. 

2. Strength, or the ability of the stone to resist rupture 
under the stresses to which it is subjected. 


COPYRIGHTED BY INTERNATIONAL TEXTBOOK COMPANY. ENTSBRED AT STATIONERS’ HALL, LONDO® 


2 STONE AND BRICK 


8. Hardness, or the capability of the stone to resist abra- 
sion. This is frequently an important factor, especially if 
the stone is to be subjected to frictional wear, as in steps 
and pavements; also, when the stone is to be used for quoins 
(corners) where it is necessary to preserve a sharp angle or 
arris. 

4. Weight.—The weight of a stone has occasionally to 
be considered, as in massive work, where it is advisable to 
use heavy stones to resist the force of the sea or of the wind; 
also, in the construction of retaining walls, and of all struc- 
tures whose stability depends, to a great extent, on their 
weight. In constructing arches, a stone of light weight is 
generally the most desirable. 

5. Appearance and Color.—Esthetics requires that the 
appearance should be pleasing and attractive, and the color 
durable. 

6. Cost.—Economic considerations require that the cost 
of procuring and preparing the stone should be low. 

The extent to which a stone possesses some of these vari- 
ous properties can be approximately ascertained by tests and 
experiments, which will be considered under their proper 
heads. 


CLASSIFICATION AND GENERAL CHARACTER- 
ISTICS OF ROCKS 


3. Definitions.—The term rock is employed to denote 
the masses of mineral matter composing the earth’s crust. 
In engineering construction work, the word stone is applied 
indiscriminately to all classes of hard rocks. 


4. Bases of Classification.—The rocks from which 
building stone is obtained are described and classified accord- 
ing to: (1) their origin and position in the earth’s crust, 
(2) their physical structure and appearance, and (8) their 
chemical composition. 
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GEOLOGICAL CLASSIFICATION 

5. The strata that compose the earth’s crust are classified 
by geologists into: (1) four great divisions, according to 
the animals and plants, extinct or living, that they contain; 
and (2) three great classes, according to the manner of their 
origin. The first classification, while of much importance 
to the student of geological history, has little interest for the 
constructor. The second classification, relating to the for- 
mation of the rock masses, has some value in determining 
the probable durability of a stone. 


6. The three classes of the second classification are 
designated as follows: 

1. The igneous (produced by fire), or azoie (devoid of 
life) rocks. Rocks of this class owe their formation to the 
solidification of molten minerals, and are represented by the 
lavas and basalts. 

2. The sedimentary, or aqueous, rocks, which have 
been formed by (a) the chemical precipitation of mineral 
matter from water, as exemplified by the sandstones and 
limestones; (4) the action of animals and plants, as shown 
by coral; or (c) the mechanical destruction, and subsequent 
deposition, usually by water, of other rocks, as exhibited by 
the sands and clays. 

38. The metamorphic rocks, formed by the transforma- 
tion, or change in structure, of both the igneous and the 
sedimentary rocks, through the influence of heat or chemical 
action. To this class belong the granites, the marbles, 
gneiss, and the slate rocks. 


PHYSICAL CLASSIFICATION 

7. According to their physical structure, rocks are divided 

into two principal classes; namely: s/vatzfied and unstratified 
rocks. 

8. Stratified Rocks are the sedimentary rocks of the 

geological classification. They are composed of grains 

bound together by a cementing medium, and usually consist 
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of a series of parallel layers indicating their deposition from 
water. The layers were originally horizontal, but in most 
cases they are found more or less inclined and curved 
through the action of disturbing forces. The strength and 
durability of these stones depend on the nature of the 
cementing material: when it is silicious, the stones are 
durable; but when it is alumina mixed with iron, the stones 
are likely to be speedily disintegrated. 


9. The unstratified rocks belong to the igneous and 
metamorphic classes. They are, for the most part, com- 
posed of an aggregation of crystalline grains connected 
together without the interposition of a cementing material. 
These grains separate from each other when the rock decays 
or when it is struck violent blows. The line along which 
the rock separates or splits is called the rift, or line of 
cleavage; and in the quarrying of this class of rocks, the 
work is much facilitated by a knowledge of that line. 


10. When the adhesion of the grains of an unstratified 
rock is weak, so that the rock can be easily broken, the 
rock is said to be friable or loose textured; when the 
grains adhere closely and strongly resist fracture, the rock 
is described as hard or of a compact texture. The char- 
acter of the aggregation controls the working qualities of 
the stone. If the grains are hard but loosely coherent, the 
stone works easily; if the grains are soft and the cohesion 
is strong, the stone can be worked with difficulty. 

When the grains measure nearly the same in length, 
preadth, and thickness, the structure of the rock is said to 
be granular; when they are easily discernible by the eye, 
coarse granular; when they are invisible to the unaided 
eye, compact granular; when they are thin and flat, slaty; 
when both classes of grains are present, granular slaty; 
when they are not crystalline, and the cohesive strength is 
low, porous granular; when they are crystalline, and the 
strength of cohesion is high, compact crystalline. 


11. When one of the constituent materials forms a 
matrix in which the other constituents are embedded in the 
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form of fine grains or crystals, the structure is termed 
porphyritic. The porphyritic structure is so noticeable 
that all rocks possessing its characteristics in a marked 
degree are commonly termed porphyries, without regard to 
the mineral composition. 


12. The term concretionary is applied to a structure 
made up of rounded particles, disposed in concentric layers, 
like the coating of an onion. When the concretions are 
small, like the roe of a fish, the structure is called oolitic; 
when large, like a pea, pisolitic. The term conglomerate 
is applied when the structure consists of fragments of one 
material, embedded in a mass of another. 


13. The character of the structure of an unstratified 
stone is indicated by the manner in which the stone breaks 
or fractures. When the fracture is even and the surface of 
division is a plane free from inequalities, a crystalline struc- 
ture is indicated, and the fracture is said to be straight 
or right. When the fracture is uneven, presenting a 
rough surface with sharp projections, it indicates a granu- 
lar structure, and the fracture is called hackly or splintery. 
When the fracture resembles a shell, with convex and con- 
cave surfaces, it indicates a hard, compact structure; this 
type of fracture is known as the conchoidal, and by the 
workmen is called plucky: stones breaking in this manner 
are usually difficult to work. When the fracture has a rough, 
dull surface, the structure is called earthy; such a fracture 
indicates softness and brittleness. 


CHEMICAL CLASSIFICATION 


14. Chemically, stones are divided into three great 
classes; namely: silicious stones, in which silica is the 
predominant substance; argillaceous stones, in which 
alumina is the predominant substance; and calcareous 
stones, in which calcium is the predominant substance. 
Some or all of these substances are always found mixed or 
combined in different proportions. 
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15. Silica (Oxide of Silicon).—Silica, when pure, is 
white; it is incombustible, infusible, nearly insoluble in 
water, and not acted on by common acids. It is found in 
almost all stones whose structure is granular crystalline. 
Such stones, when of compact texture (see Art. 10), are 
extremely durable, but difficult to work. Decay in silicious 
rocks generally arises from the decomposition of some 
softer mineral in the cementing medium; or, when they are 
of a porous texture, from the freezing of water in the pores. 
Fire causes them to scale and break off in fragments. 

Rocks in which pure silica is the essential constituent are 
called quartz rocks, or simply quartz. They are usually 
easily recognized by their colorless appearance, irregular 
vitreous or glass-like fracture, hardness, and entire insolu- 
bility in acids. The hardness of quartz is such that it cannot 
be scratched with a knife. This mineral is, however, brittle; 
consequently, quartz rock works more easily than rocks from 
which quartz is absent. 


16. Alumina (Oxide of Aluminum, Pure Clay). 
The stones that derive their peculiar properties from alumina 
are called aluminous stones; but, as they generally con- 
tain a mixture of silica also, they are described under the 
general nanie of argillaceous stones. Alumina, when pure, 
is white; it is incombustible and insoluble in water, but is 
soluble in acids and alkaline solutions. Alumina has a con- 
siderable attraction for the metallic oxides and other earths, 
and thus forms many complex combinations, known as f/d- 
spars, micas, hornblendes, and pyroxenes. 


17. The combinations of alumina and silica with other 
elements, such as potash, soda, and lime, are termed feld- 
spars. Several varieties are distinguished, each of which 
differs slightly from the others in composition and form. 
The most commonly occurring are orthoclase (potash), 
anorthite (lime), albite (soda), labradorite (lime and soda), 
oligoclase (soda and lime). 


18. The feldspars are variable, both in color and quality; 
they are light in weight and almost as hard as quartz. 
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While quartz may be distinguished by its lack of cleavage, 
feldspar has distinct cleavage planes. It is always crystal- 
line, though good crystals are not common. On exposure 
to the weather, it begins to change; under the action of 
water containing traces of carbonic acid, it first loses its 
lime, if a lime feldspar, by a combination of the lime with 
this acid; next, its alkalies are carried off as carbonates; if 
the supply of acid continues, the change ends in forming 
kaolin (fireclay), or some other hydrous silicate. 


19. Combinations of silicate of alumina with alkaline 
metals, as potassium, lithium, magnesium, etc., are described 
by the general name mica. The micas vary in color from 
white, called muscovite, to black, called biotite. Both 
kinds occur in small shining scales, and are alike in having 
perfect cleavage, affording very thin, tough lamine or sheets. 
They decay rapidly, forming soluble and insoluble products, 
the soluble parts passing off in water, the insoluble parts 
usually remaining as clayey deposits. On exposure to the 
action of the atmosphere, the black mica, owing to its large 
percentage of iron, becomes coated with a film of rust (oxide 
of iron), and then rapidly disintegrates. The white mica 
possesses greater endurance and remains intact for a long 
period of time. 


20. The hornblende, or amphibole, group covers 
combinations of magnesia, lime, and iron, with alumina and 
with other minerals. 

Hornblende can be recognized by its dark-green or almost 
black color, and by the tenacity and compactness of its crys- 
tals; it is distinguished from biotite mica in that it is not 
easily separable into thin leaves. Hornblende is a constit- 
uent of much importance on account of its toughness, 
strength, and durability; it is easy to polish, and its pres- 
ence is considered more favorable to durability than mica. 


21. The pyroxene group includes combinations of 
alumina with lime, magnesia, iron, and manganese, and 
sometimes soda, potash, and zinc; it includes also combi- 
nations of those minerals from which alumina is absent. 
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Thus, as with the amphiboles, two principal varieties are 
recognized—the aluminous and the non-aluminous. Pyrox- 
ene occurs as a compact, tough, yellowish-green, or black 
mineral, and cannot usually be distinguished by the unaided 
eye from hornblende, for their composition is nearly iden- 
tical, and they are frequently found associated together in 
the same rock. Pyroxene is acommon constituent of crys- 
talline limestone and dolomite, and of serpentine and the 
volcanic rocks, and occurs also, but less abundantly, in gra- 
nitic rocks and metamorphic schists. The pyroxene of lime- 
stone is mostly the white and light-green or the gray 
variety; that of most other metamorphic rocks is sometimes 
white or colorless, but usually green of different shades, and 
occasionally black. 


22. Calcium and Lime.—Calcium forms the main 
constituent of calcareous rocks, which are also called lime- 
stone rocks, or simply limestone. It is the essential 
constituent of marble, chalk, travertin, etc., and as a second- 
ary constituent it is found in rocks of all ages. The action 
of intense heat on the lime (carbonate of calcium) contained 
in calcareous stones expels the carbonic acid, and the lime 
is changed into quicklime, which forms the _ principal 
ingredient in the manufacture of every variety of cement 
used for uniting stones artificially. Calcareous stones are 
readily decomposed by the acids in the atmosphere, and are 
disintegrated by the freezing of water in the pores; they 
are, therefore, not durable. 


SILICIOUS STONES 


23. Granite, Gneiss, and Syenite.—Granite, gneiss, 
and syenite are commonly called granite by builders, owing 
to the great resemblance of their external appearance. They 
differ considerably, however, and care must be taken not to 
infer the nature of any particular stone from its trade or 
local name. Many of the so-called granites have no real 
claim to this designation. Granite and gneiss differ rather 
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in the aggregation of their constituent elements than in any 
other essential particular. 


24. Granite is an igneous rock, ordinarily composed of 
quartz, feldspar, and mica, and owes its origin to the cooling 
and crystallization of matter under circumstances of heat and 
pressure that do not obtain in the case of lavas ejected on 
the surface in a molten state. The colors of granite are 
white, grayish-white, yellowish, reddish, rose, flesh color, or 
deep red, and occasionally green. This stone is distinguished 
by its even and brilliant fracture, its pearly luster, and its 
outline, which is seldom regular but in which may be 
recognized rectangles and parallelograms. Granite varies 
in quality according to the proportions of its components 
and their manner of aggregation. The hardest and most 
durable varieties contain a greater proportion of quartz anda 
less proportion of feldspar and mica. Hornblende renders 
granite tough and heavy. Feldspar renders it lighter in color, 
easier to cut, and more susceptible to decomposition by the 
solution of the potash contained init. Mica renders it friable. 

The granites are among the most valuable of the building 
stones, and are extensively used in important works. They 
can be readily quarried, and, by reason of the lack of grain 
in the stone, blocks can be obtained of any size. On account 
of its great hardness, however, granite is difficult to work, 
and therefore very costly if the stone is to be cut. 

The durability of granite depends on the quantity of 
quartz present and on the nature of the feldspar. Potash 
feldspar is less durable than lime or soda feldspar. Mica, 
being easily decomposed, is an element of weakness. An 
excess of lime or soda in the mica or feldspar hastens 
disintegration; so does an excess of iron. Stones showing 
large and dark iron stains should be rejected for outside 
work. Fine-grained granite weathers better than that of 
coarser grain. When mica predominates, granite passes 
into gneiss. 


25. Gneiss is similar to granite in composition, but 
differs from it in being stratified. It is less strong and 
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durable. It occurs in the neighborhood of granite, in strata 
much inclined, bent, and distorted. 


26. The term syenite is usually restricted by modern 
authorities to a rock that is an aggregate of orthoclase and 
hornblende; in other words, a granite in which the quartz 
has disappeared and all or nearly all the mica has been 
replaced by hornblende. The syenitic granites are darker, 
tougher, and more compact than the ordinary granites. 
Syenite is durable if its feldspar constituent is not too easily 
decomposed by the removal of its potash when exposed to 
the weather. For this reason, it should be carefully tested 
before it is used. 


27. Trap Rocks.—The term trap, derived from the 
Swedish word ¢vappa, “‘a stair,’’ is generally applied to a 
large variety of dark-colored, igneous, unstratified rocks that 
occur in large tabular masses rising one above another in 
successive steps like stairs. These rocks consist chiefly 
of hornblende, lime, feldspar (labradorite;, and augite, with 
some magnetic and titanic iron. The predominance of one 
or the other of these minerals gives rise to many distinctive 
names, as greenstone, olivine, etc. Thecolor varies, being dark 
gray, dark green, or nearly black, according to the varying 
proportions of the different constituents. The texture is 
usually so fine and close-grained that the character of the 
structure cannot be determined by the naked eye. 

The trappean rocks are exceedingly dense, hard, and 
durable; but, owing to the difficulty of securing large blocks, 
because of the numerous joint planes intersecting them, the 
great cost of working, and their usually somber and unattract- 
ive appearance, they are not much used for structural 
purposes. However, as they split and break easily, trap 
rocks are extensively used for the aggregate in making con- 
crete, for paving blocks, and for the construction of 
macadamized roads, for which purpose their fine texture 
peculiarly fits them. 


28. Sandstones are stratified rocks consisting of grains 
of sand (small crystals of quartz) cemented together by 
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silicious, ferruginous, calcareous, or argillaceous material. 
From the nature of the cementing material, the rocks are 
variously designated as ferruginous, calcareous, etc. 
The cementing material determines the hardness, strength, 
and durability of sandstones; if it is one that decomposes 
readily, as in the argillaceous and calcareous varieties, the 
whole mass is soon reduced to sand. When composed of 
nearly pure silica and a good cementing medium, sand- 
stones are as durable as granite and very much less 
affected by the action of fire. When quarried, sandstones 
are. usually saturated with quarry water (in this case a 
weak solution of silica), and are very soft; but, on exposure 
to the air, they become hard by the precipitation of the 
soluble silica. 

The color, too, of sandstone depends on the cementing 
material. A stone composed exclusively of grains of quartz 
is snow-white. The various shades of red and yellow are 
produced by the iron oxides; the purple tints are due to oxide 
of manganese; the gray, blue, and green tints are produced by 
iron in the form of ferrous oxide, carbonate, or silicate; the 
brown color is produced by the hydrated oxide of iron, and 
the stone possessing it is called brownstone. 

Sandstones are, in general, porous and capable of absorb- 
ing much water, but they are injured comparatively little by 
moisture, except when placed with the layers set on edge, 
in which case the expansion of water in freezing between the 
layers makes them split, or “‘scale’’ off the face of the stone. 
When placed on the natural bed, any water that may penetrate 
between the edges of the layers has room to expand or 
escape. Sandstone containing much lime in the cementing 
matter decays rapidly in the atmosphere of the sea coast, and 
in that of towns where much coal is burned: in the former 
case, the lime is dissolved by muriatic (hydrochloric) acid; in 
the latter, by sulphuric acid. Crystals of sulphuret of iron 
are sometimes embedded in the stone; when exposed to 
air and moisture, they decompose and cause disintegration. 
These crystals are easily recognized by their yellow or 
yellowish-gray color and metallic luster. 
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On account of its easy working qualities, sandstone has 
been named freestone by stone cutters. A great many other 
names are applied to it, derived from the appearance of the 
stone and the uses to which it is put. 


ARGILLACEOUS STONES 


29. Slate is a stratified rock of great hardness and 
density, with a laminated structure. It splits readily along 
planes called planes of slaty cleavage. ‘This facility of cleavage 
is one of the most valuable characteristics of slate, as it 
enables masses to be split into slabs and plates of small 
thickness and great area. 

The color of slates varies greatly; those most frequently 
met with are dark blue, bluish black, purple gray, bluish 
gray, and green. Red-and cream-colored slates are also 
occasionally found. Some slates are marked with bands or 
patches of color different from that of the general color of 
the stone. These marks are generally considered not to 
injure the durability of the slate, but they lower its quality by 
impairing its appearance. 

Ribs, or veins, are dark marks running through some 
slates. They are always objectionable, but particularly 
when they run in the direction of the length of the slate, 
which is very liable to split along the vein. These veins 
and ribbons are frequently soft and of inferior quality to 
that of the slate proper, and slates containing them should 
not be allowed in good work. 

Although not strictly a building stone, slate is used exten- 
sively for covering steps and the roofs of buildings, for wall 
linings, and for sanitary purposes. 
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CALCAREOUS STONES 


30. The limestones are all of sedimentary origin, and have 
for their principal ingredient carbonate of lime, combined with 
various minerals. The presence of these minerals gives rise 
to the division of the limestones into five classes, each of which 
is designated by the name of the predominating mineral. 
When clay is present, the stone is called argillaceous lime- 
stone; when silica predominates, silicious limestone; 
when it contains iron, ferruginous limestone; when mag- 
nesia is present to the extent of 15 per cent., magnesian 
limestone. When the carbonate of lime and the carbonate 
of magnesia are combined in equal proportions, the stone is 
called dolomite. Limestones are either granular or compact. 


31. Granular limestone consists of carbonate of lime 
in grains, which are in general shells or fragments of shells 
cemented together by some compound of lime, silica, and 
alumina, and often mixed with a greater or less quantity of 
sand. Granular limestone is always more or less porous. 
It is found in various colors, especially white and light yel- 
lowish brown. In many cases, it is so soft, when first quar- 
ried, that it can be cut with a knife; it hardens, however, on 
exposure to the air. The variety of granular limestone called 
oolitic, from the appearance of the stone, which is that of 
egg-shaped grains cemented together, is oné of the most 
important of the limestone group, and is extensively quarried 
and widely used for building purposes. The term oolitic is 
derived from the Greek words oon, “an egg,’’ and ZUzthos, 
*“a stone.’ The small round particles of which oolitic lime- 
stone is composed resemble the eggs, or roe, of a fish. Each 
grain is usually of concentric structure, the carbonate of lime 
enclosing a particle of sand or some other substance of either 
animal or vegetable origin. 


82. Compact limestone consists of carbonate of lime, 
either pure or mixed with sand or clay. This limestone is 
generally devoid of crystalline structure, and has a dull earthy 
appearance and a dark-blue, gray, black, or mottled color. 
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In some cases, however, it is crystalline and full of organic 
remains: it is then known as crystalline limestone. 

The compact limestones are easily worked with the saw and 
hammer, resemble light granite in appearance, and are much 
used for building purposes. The variety called shelly lime- 
stone consists of fossil shells, cemented together and suffi- 
ciently hard to take a polish; it is much used for interior 
ornamentation. The condition of the minerals combined 
with the lime also furnishes a basis for distinguishing names. 
The stone is called hornstone when very fine-grained silica 
is present; cherty, when the silica is in the form of rounded 
masses or nodules; ironstone, when the amount of iron 
and clay is greater than the amount of lime; rottenstone, 
when the ironstone is decomposed; hydraulic limestone, 
when the rock is composed of lime, silica, and clay in nearly 
equal proportions. 


33. The limestones form an important and useful group 
of stones, but not all are suited for structural purposes; 
some are too friable, and others too brittle. The compact 
and granular varieties, however, are generally suitable for 
masonry. Their durability depends mainly on the texture; 
when this is compact, the stone is very durable, except when 
exposed to the acid vapors of cities. Nearly all the varieties 
are attacked by sulphuric acid, which forms a soluble sul- 
phate of magnesia easily washed away. 


34. Marble is the purest form of carbonate of lime 
(except stalactites). The name marble is generally applied to 
any Jimestone that can be polished. Marbles are found in a 
great variety of colors and degrees of fineness. The principal 
use of marble is for interior decoration and ornamental work. 


PROPERTIES OF BUILDING STONES 
35. Color.—As a rule, the chemical constituents of a 
stone determine its color. The color of granites, however, 
is affected by the action of light on the feldspars, which, 
when clear and glassy, absorb the light, making the rock 
apparently darker than when the feldspars are white and 
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opaque and reflect the light. The compounds of iron are 
the principal coloring substances. The brownish or reddish 
hues are due to the free oxides of iron, while the bluish or 
grayish hues are caused by the carbonates or the sulphides. 
The absence of iron in any of its forms is usually indicated 
by the white or nearly white color of the stone. The per- 
manency of the color of the stone depends on the form in 
which the iron is found. The decidedly red color may gen- 
erally be considered permanent. The blue and the black 
colors of marbles and limestones are largely caused by the 
presence of carbonaceous matter, usually of vegetable origin. 


386. Durability.—In order that a stone may be durable, 
it must be free (1) from internal decomposing elements, as 
ferric oxide in the hydrated form, sulphide of iron, feldspar 
showing incipient decay, carbonate of calcium, protoxide of 
iron, excess of non-crystalline alumina, and organic matter; 
(2) from cavities or fissures, either empty or filled with 
liquids; (3) from irregular lamina and seams, or patches of 
soft material not thoroughly cemented together, technically 
called drys; (4) from veins, called crowfoots, containing 
uncemented material; and (5) from lack of uniformity in 
hardness, texture, solubility, and porosity. 


87. Regarding the durability of the common varieties of 
building stone, the following rough estimate, based on obser- 
vations made in the city of New York, indicates the number of 
years a sound stone may be expected to last without being dis- 
colored or disintegrated to such an extent as to require repairs: 


LIFE OF STONE 


NAME OF STONE YEARS 
Eeagse  Drownstonerie a Gite fag news 5to 15 
Compact brownstone: ....... . 100 to 200 
We SLOTS pl un agen Rn i ecie s), € 2 toend 
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838. Strength.—In ordinary buildings and engineering 
structures, stones are generally under compression. Occa- 
sionally, they are subjected to cross-stresses, as in lintels 
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over wide openings. They are never subjected to direct ten- 
sion. Asa general rule, a stone should not be subjected te 
a greater compressive stress than one-tenth of the ultimate 
crushing strength, as found 


TABLE I 
APPROXIMATE AVERAGE _ Py experiment. 
CRUSHING STENGTH The resistance to crush- 


ie ae NES ing varies within wide 


Crtgnineetenatn limits, owing to the great 

Stone Pounds Per Square Variety in the structure of 
Inch the stones; the method of 

preparing and finishing the 

Granite. 15,000 test pieces also affects the 
Sandstone . 10,000 results; hence, the great 
Limestone . 13,000 variations found in the 
Marble. . . 14,000 values given by different 


experiments. —taple wg! 
shows the average resistance to crushing of the principal 
stones. These values are here given that a general idea of 
the strength of stone may be had; they are not the exact 
values likely to be used in the design of an actual structure. 
Every structure of importance is built according to specifi- 
cations, in which the 


; TAB 
strength of the materials re 
; as AVERAGE MODULUS OF 
is stated; aud the mate- RUPTURE 


rials must be so selected 
that, on being tested, 


Modulus of Rupture 


they will show the speci- Stone Pounds Per Square 
fied strength. Inch 

The strength of a stone : 
to resist rupture when Granite ... 1,800 
employed as a beam or Sandstone ae 1,200 
lintel is much less than Limestone . . 1,500 


its strength to resist a 
crushing stress. Table II 
shows the average modulus of rupture of the different stones. 


Marbleu wenn 2,160 


39. Hardness.—The hardness of a stone depends on 
the hardness of its mineral constituents and on their state of 
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aggregation. The component minerals may be hard, but the 
stone itself will be soft if the particles do not adhere strongly 
to one another. Thus, some of the softest sandstones are 
composed of quartz, which is a hard mineral, but the grains 
are so weakly cemented together that the stone as a whole 
is soft. Hardness does not imply that a stone is durable: 
many hard stones are more affected by atmospheric agencies 
than those of a softer texture whose chemical composition 
is of a more durable nature. 


40. Density, Weight, and Absorptive Power.—The 
properties, density, weight, and absorptive power are closely 
related. The density depends on the contiguity or close- 
ness of the aggregation of the mineral grains forming the 
stone. The closer the grains, the denser and heavier will be 
the stone, and the less will be the amount of interstitial 
space; consequently, among stones having the same mineral 
composition, but differing as to structure, the one having 
the closest and most compact structure will be the densest, 
heaviest, and least absorptive. 


41. Resistance to Fire.—In the fierce conflagrations 
that occur in cities, the stone walls of structures are 
frequently subjected to intense heat. While stone is an 
excellent non-conductor, it is not as a rule so durable when 
subjected to intense heat as brick. The severest test to 
which a stone can be subjected in a fire is for it to be heated 
intensely and then cooled by the sudden application of water 
rom a fire-hose. This rapid change of temperature causes 
the heated exterior layer of the stone to contract more 
rapidly than the cooler interior, and from many stones under 
this condition large pieces will crack and break off; this finally 
causes the entire destruction of the stdne. The silicious 
sandstones are the least destructible by fire, while the 
‘granites and conglomerates are probably the most affected 
by intense heat and the sudden cooling incident to the appli- 
cation of water. Limestones are very refractory in tempera- 
tures less than 1,000°. and at this temperature are not liable to 
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deterioration by sudden cooling; but above this temperature, 
they may be reduced to guicklime, which crumbles and falls 
away after a few weeks’ exposure to the air. 


DISINTEGRATION OF STONE 


DISINTEGRATING AGENTS 


42, The disintegration or decay of stone is commonly 
referred to as weathering, and is caused by agents of 
three kinds; namely, physical or mechanical, chemical, and 
organic. The mechanical agents are heat and cold, air in 
the form of wind, and water in the form of rain and ice. 
The chemical agents are the various acids present in the 
atmosphere. The organic agents are vegetable growths 
that thrive in damp and shady places, and marine insects or 
boring mollusks, which perforate the stone between high- 
and low-water mark. 


PHYSICAL AGENTS 


43. Heat.—High temperature causes expansion in a 
stone, and cold or a decrease in temperature causes con- 
traction; hence, there is a continual slight movement among 
the particles of the stone, which may destroy their cohesion, 
and thus produce a slow and gradual disintegration. 


44, Air and Water.—Air acts mechanically in the form 
of wind, especially when it carries dust; it erodes the surface 
and removes small particles, thus exposing new surfaces to 
be acted on, much in the same way as a sand-blast apparatus. 
Air and rain together act very energetically. Rain alone has 
a slight mechanical effect when simply falling on the stone 
and washing loose’ particles away. 

Water penetrates into all rocks, no matter how dense or 
compact they may be, and, when it freezes, it expands and 
tends to split the stone. In the formation of ice, water 
expands in the proportion of 100 to 109; that is, a volume 
of water occupying 100 cubic inches before freezing occupies 
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109 cubic inches after freezing. The pressure exerted by 
this expansion is equal to 150 tons per square foot, which is 
sufficient to split the strongest rocks. 


CHEMICAL AGENTS 


45. As arule, air and water act together to cause: 
(1) oxidation, or rusting of the iron particles present in 
the stone; (2) deoxidation, or the changing of ferric oxide 
into a ferrous oxide, which is caused by the presence of an 
organic acid or by continual moisture; (3) hydration, or 
the process whereby an oxide absorbs water—this change 
occurs only in the presence of continual moisture, as in 
bridge piers and abutments; (4) solution, or the dissolving 
of the constituents that are soluble in water. Pure water 
alone has but little effect on the constituents of stone, but 
rain water containing acids is a powerful solvent of mineral 
matter. The stones that are peculiarly susceptible to this 
solvent action are the limestones, the calcareous sandstones, 
and the granites containing feldspar. 


46. Carbonic acid, which is contained in the atmos- 
phere to the amount of about 400 parts of acid to 1,000,000 
parts of air, has, when combined with water, a corroding 
action on the calcareous and magnesian carbonates, whether 
they form the principal constituents of the stone or are only 
present as cementing materials. It transforms the insoluble 
earthy carbonates of lime and magnesia into bicarbonates, 
which are soluble in water and can therefore be washed 
away. On granite, it acts by eliminating the alkaline con- 
stituents in the form of carbonates, leaving a friable residue 
of hydrated silicate of alumina, which contains the unaltered 
particles of quartz and mica. In the case of the greenstones 
and basalts, it acts on the iron, changing it to a ferric oxide 
or ferric hydrate, and dissolves out the lime, leaving a loose, 
friable, and bulky stone of a red or browncolor. Sandstones 
containing iron are disintegrated by the solution and wash- 


ing away of the iron. 
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47. Nitric acid is frequently present as a constituent 
of the atmosphere; its destructive action is exerted on the 
calcareous and magnesian stones. 


48. The sulphurous acids, which result from the com- 
bustion of coal, and are present in the atmosphere of cities 
to an extent as great as 25 parts in 100,000, have a marked 
destructive influence on all stones. The destroying effect 
consists in the formation of soluble sulphites and sulphates 
with the different bases contained in the stones. On granite, 
the action is especially severe: the feldspar is attacked, the 
potash, soda, or lime is dissolved out, and in time the stone 
becomes filled with small holes. 

Sulphuric acid not only corrodes and renders soluble the 
earthy carbonates (in which respect it resembles carbonic 
acid), but, forming with magnesia a readily crystallizable 
salt (the sulphate of magnesia), which is remarkable for the 
large proportion of water of crystallization that it fixes, it 
causes a mechanical destruction of the stone, similar to that 
produced by the solidification of water. 


CONDITIONS AFFECTING DISINTEGRATION 

49, The disintegration and decay of stone by the inani- 
mate agents described above are frequently materially aided 
by many forms of life, such as bacteria, mosses, worms, etc., 
which are all in a sense destructive agents; their presence 
gives rise to small amounts of organic acids, which exercise 
a corrosive influence. 


50. The disintegration of stone is hastened or retarded 
by the methods employed in quarrying, seasoning, dressing, 
and setting. In quarrying, the excessive use of high explo- 
sives, by reason of the heavy concussion produced, shakes 
and shatters the cohesion of the particles composing the 
stone, and causes incipient cracks and flaws that make 
the stone more permeable to moisture, and thus facilitate 
the destruction by freezing and chemical action; hence, 
stones quarried by channeling and gadding are preferable 
to those blasted or wedged out. 
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Before a stone is placed in a structure, the interstitial 
moisture, called quarry water, or sap, must be removed 
by evaporation; this process is termed seasoning, and 
should be effected by exposing the stone to the drying 
action of the atmosphere for some months under cover. If 
the stone is not seasoned, the quarry water will be alter- 
nately frozen and thawed during a series of years, finally 
causing the destruction of the stone. 


51. The life of a stone is also dependent on the style 
of finish of the exposed face of the stone. A smooth or 
polished surface aids in prolonging the life by facilitating 
the rapid discharge of rain water. The methods employed, 
too, for dressing the stone affect its life. Minute fissures 
that render the stone more susceptible to atmospheric influ- 
ences are produced by the impact of the blows of the ham- 
mers and other tools employed; hence, stones sawed to the 
required dimensions are more durable than those hammered 
and broken to size. 


52. The position of the stone in the structure affects its 
ability to resist disintegration. When stratified stones are 
placed on edge, water filters in from above, and on freezing 
causes the stone to scale off; hence, laminated stones should 
be set with their lamina horizontal. When the mortar joints 
are not properly pointed, water filters in and decay quickly 
follows. The portions of a structure most liable to early 
decay are those that are partly protected by projections, 
as under cornices, belt courses, window sills, etc., on which 
the rain water slowly falls or drips. As a protection from 
this source of decay, the under surface of all projections 
should have a narrow groove extending their whole length; 
this groove is called a drip. The water that collects on 
the upper surface of the projection flows over the upper 
edge and over the face to the under side, where its further 
progress is interrupted by the drip, and from there falls to 
the ground. 
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PRESERVATION OF STONE 
58. For preventing the destruction of stone, many 
preparations are used, among them being paint, coal tar, 
oil, beeswax, resin, paraffin, soap, soluble silicates of potash, 
soda, salt, and fluosilicates of magnesia, zinc, and alumina. 
All these methods are expensive, and there is no evidence 
to show that they afford permanent protection to the stone. 


SELECTION AND EXAMINATION OF STONE 

54. General Considerations.—In order to form a judg- 
ment and determine the structural value of any stone, the stone 
must be examined to ascertain if it possesses the requisites 
described in Art. 86 as being essential to a good stone. The 
enduring qualities of stone from quarries that have been long 
worked may be ascertained by an inspection of the structures 
that have been erected with it. If it shows no signs of dis- 
integration, it is considered that the stone is a durable one; 
however, this is not a guarantee that the same quarry will in 
the future yield a durable stone, because it frequently occurs 
in the case of limestone and sandstone that adjacent beds 
vary widely in color, texture, and enduring qualities. 

In the examination of stones, the following general facts 
should be borne in mind: 

1. That a fine, uniform-grain, compact texture, and deep 
color indicate strength and hardness. 

2. That when the grain, color, and texture are the same, 
the heaviest stones are the strongest. 

3. That the strength does not always increase with the 
specific gravity. 

4. That great hardness is objectionable when the stone 
is to be worked with a chisel, owing to the labor required, 
and is objectionable in stones that are to be used for stairs, 
floors, or pavements, as they wear smooth and become 
polished by attrition. 

5. That brittleness is a defect that frequently accom- 


panies hardness and prevents the stone from being worked 
to a true surface. 
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6. That a low rate of absorption indicates enduring 
qualities. 

7. That stones quarried in winter or wet seasons are 
likely to have slight tenacity when dried and to remain 
always susceptible to the effects of moisture. 

8. That stones to be carved should be quarried in the 
spring, because they retain the quarry water longer and are 
consequently less injured by working. 

9. That stones quarried in the summer should not be 
allowed to lie in the rain for a great length of time, because 
they will dry too quickly and be likely to become shaky and 
friable. 

10. That stones quarried from above the water level are 
more durable than those quarried from below. 

11. That the buff, yellow, and reddish-brown colors are 
the most stable. 

12. That non-porosity does not always indicate durability, 
for many stones that absorb water permit also of its rapid 
evaporation; such stones are likely to prove more durable 
than those that absorb less water but retain it longer. 

13. That stones showing a streaked appearance and lack 
of uniformity in color are usually composed of minerals of 
various degrees of hardness and some of which may be solu- 
ble; such stones are not likely to weather well. The soluble 
minerals will be dissolved and washed away, leaving the stone 
a mass of small pits or hollows. If the soluble mineral is in 
the form of streaks or veins, the stone will be grooved, 
fissured, or channeled. The presence of small fossils or 
shells has a detrimental influence; being calcareous in nature, 
they are decomposed by the acids of the atmosphere. 

14. That rocks containing iron pyrites in the form known 
as marcasite decay rapidly through oxidation. 

15. That a new fracture should have aclean, bright, sharp 
appearance. A dull earthy appearance indicates a stone 
likely to early decay. 

When an important structure is to be erected, the. quarry 
and building inspectors should not be wholly relied on in 
selecting the stone; their opinion should be supplemented 
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by the laboratory investigation, which comprises the optical, 
the chemical, and the mechanical examination. 


55. Optical Examination.—The structure of a rock is 
examined optically in two ways: (1) by the unaided eye, the 
structure that can be so distinguished being technically 
termed macroscopic structure; (2) by the microscope, 
the structure that can be so distinguished being termed 
microscopic structure. For the microscopic examina- 
tion, a thin chip of the rock is ground with emery until it 
becomes transparent; it is then mounted on a microscopic 
slide and examined. The microscopic examination reveals 
more accurately the physical composition and character of 
the structure than any other test. The microscope shows 
the size and shape of the component particles, their rela- 
tive closeness, and the character and composition of the 
cementing material. By its use are discovered defects that 
otherwise would escape unnoticed, such as cracks, cavities, 
fractures, and incipient disintegration. 


56. Chemical Examination.—The chemical analysis 
determines both qualitatively and quantitatively the chem- 
ical constituents of the stone. Examined qualitatively, the 
character or kind of the substances composing the stone 
is determined; while the quantitative analysis shows the 
proportions of these substances. 


57. Mechanical Examination.—The mechanical 
examination of a stone furnishes data from which a fair 
estimate of the durability may be made. It includes the 
determination of the resistance to crushing and transverse 
stresses, and the resistance to abrasion, heat, and cold. In 
making these tests, the object is to impose on the stone as 
nearly as possible conditions that in a few hours’ or weeks’ 
time will approximate the effect produced by actual use 
during a lapse of years. This examination is called tesit- 
ing, and is made as described in the following articles. 
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METHODS OF TESTING STONE 


58. Absorptive Power.—Few of the properties of a 
stone are of greater importance than the absorptive power, 
since it is largely through the freezing of the absorbed 
water that the majority of stones are destroyed. The 
absorptive power of a stone is usually ascertained by two 
tests—one to determine the absorption from a moist atmos- 
phere, and one to determine the amount of water absorbed 
through actual soaking. The first test is performed by keep- 
ing samples of the stone in the cells of a hot-water bath for 
several days to expel the hygroscopic moisture, after which 
they are cooled in desiccators over sulphuric acid, and 
weighed. They are then TABLE It 


placed on shelves in a ,ysorPrIvE POWER OF STONES 
cylinder, the mouth of 


which is sealed with aoe Absorptive Capacity 
water, after the manner Per Cent. 

of a gas holder. The 

cylinder and the samples Granites . . .| .066to .155 
are kept for several Sandstones. . .410 to 5.480 
weeks in a temperature Limestones . .200 to 5.000 
ranging between 60° and IMEAR ONES, SO SOBTOR eeOO 
70° F., the water being Trap... . . .000 tO .019 


replenished from time —— 
to time so as to maintain a constant closure of the mouth of 
the cylinder. At the end of the test period, the samples are 
weighed. The increase in weight shows the amount of 
absorption. 

To ascertain the amount of water absorbed by soaking, 
the specimens of stone are dried and weighed, then immersed 
in water for 24 hours, removed, and weighed again; the 
increase in weight will be the amount of absorption. This 
is usually expressed in a percentage of the weight of the 
dry stone. An absorption of more than 38 per cent. is 
regarded as detrimental. 

The average percentage of water absorbed by stones is 
shown in Table III. 
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59. The amount of water absorbed depends largely on 
the density of the stone; a dense stone absorbs less than a 
porous stone. Stones that have already begun to decom- 
pose absorb a much larger quantity of water than those 
fresh from the quarry. A low absorption is generally con- 
sidered as indicating a good quality; still it does not follow 
that a stone that absorbs a small amount of water will suffer 
the least through the action of frost, for the reason that a 
porous stone of coarse structure will dry more rapidly than 
one of a firmer grain and open texture, and will permit the 
expansive action of freezing water to find relief without 
forcing apart the particles of which the stone is composed. 
Hence, a high rate of absorption is more detrimental to a 
fine- than to a coarse-grained stone. 


60. Resistance to Freezing.—To ascertain the prob- 
able ability of a stone to resist the expansive action of 
freezing water, several tests are recommended, such as 
exposing the stone to the action of freezing mixtures. 
Brard’s test, which consists in boiling weighed samples 
in a concentrated solution of sulphate of soda, is considered 
the best. The soda in crystallizing expands, as does water 
when freezing. After each boiling, the stone is removed 
from the solution and hung up to dry. The operation is 
repeated daily during a period of 4 weeks, after which the 
stone is dried and weighed, and the difference in weight and 
the general appearance are noted. 


61. Resistance to Abrasion.—-The resistance to abra- 
sion is ascertained by placing cleaned and weighed frag- 
ments of the stone in a metal cylinder and revolving it 
at the rate of about 380 turns a minute until 10,000 revolu- 
tions have been made; as the cylinder revolves, the stones 
are rolled against one another, and the edges are gradually 
broken off, the particles thus séparated forming a dust. 
When the required number of revolutions has been reached 
the stone is removed from the cylinder and weighed. The 
difference between the two weighings represents the loss 
by abrasion. The ability of stones to resist abrasion is 
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compared by the ratio of the weight of the dust worn off to 
the original weight of the stone, and the loss is expressed 
as per cent. of wear. Thus, if the original weight of the 
stone placed in the cylinder was 20 pounds, and the weight 
of the dust produced was 5 pounds, the loss would be 
expressed as 25 per cent. of loss or wear. 

Regarding the ability of stones to resist abrasion, it may 
be stated generally that the igneous rocks lose from 2 to 
10 per cent.; the range of loss in limestone rocks varies 
from 10 to 35 per cent.; flints lose from 8 to 26 per cent.; 
and sandstones lose about 14 per cent. 

A stone that, when tested for abrasion, yields from 2 to 
6 per cent. of dust is considered to be an excellent stone for 
road construction; 10 per cent. of dust indicates a weak 
stone, which will produce a large amount of mud. 

The resistance to abrasion by wind-blown sand is ascer- 
tained by subjecting weighed samples of the stone to the 
action of a sand blast operated under a given pressure for a 
specified time, at the end of which the sample is weighed to 
ascertain the loss. 


62. Crushing Strength.—The crushing strength 
of a stone is ascertained by subjecting cubical specimens 
accurately dressed to form and dimensions to a measured 
force applied in a suitably constructed machine, until they 
are crushed. 


63. Transverse Strength.—To ascertain the trans- 
verse strength, prisms 1 inch square and from 6 to 
12 inches long are supported at each end and loaded in the 
center until fracture takes place. The breaking load thus 
found is the modulus of rupture of the stone, and is employed 
to ascertain the breaking load of any stone under transverse 
stresses (see Strength of Materials). Owing to the uncer- 
tainty regarding the strength of stone, a working strength of 
from 10 to 20 per cent. of the ultimate strength is used. 


64. Resistance to Impact.—The resistance to 
impact, or to the action of blows, is very important in con- 
nection with stones used for the wearing surface of roads. 

Pi T.sisC—8 
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It is determined by the number of blows necessary to 
fracture a piece of the stone of a given size. The test 
employed is called the impact test, and is effected by taking 
pieces of the stone broken to a size that will pass in all 
directions through a ring having a diameter of 23 inches, 
and subjecting them to repeated blows of a falling weight 
operated by a machine resembling a pile driver. The 
hammers range in weight from 15 to 100 pounds, and the 
height of fall ranges from 10 to 36 inches. ‘The sample 
of stone to be tested is placed on an anvil, and the hammer 
is raised and allowed to fall repeatedly, until the stone is 
reduced to fragments not larger than + inch. The number 
of blows necessary to accomplish this result is automatically 
registered. A stone fit for roadmaking should withstand at 
least 200 blows of a 15-pound hammer falling 10 inches with- 
out being reduced to fragments less than 4 inch. The num- 
ber of blows of a 15-pound hammer, falling 10 inches, required 
to reduce a sample of quartz to dust is about 200; and for 
trap, the number is from 900 to 1,000. 


65. Cementing Capacity.—The cementing capacity 
of a stone, or its ability to form a mortar-like paste, is 
another important property of stones used for roadmaking. 
It is ascertained by taking the dust produced in the abrasion 
test, and forming a paste by mixing it with water; this paste 
is placed in a metal die and compressed under a pressure of 
1,000 pounds per square inch into a briquet having a diam- 
eter and length of about 1 inch. The briquet is laid aside 
for 2 weeks to dry, and is then broken by being struck a 
number of light blows with a hammer weighing about 
2 pounds and falling about % inch; the number of blows 
required to break the briquet is taken as the measure of 
the cementing value. Experiments conducted to ascertain 
the cementing qualities of different stones show that 
quartzites, granites, gneisses, and marble possess very little 
cementing power, only two or three blows being necessary 
to break the briquet; and that limestones and trap rocks 
have considerable cementing power, and require thirty to 
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forty blows to break the briquet. The cementing quality 
appears to be due to the presence of oxide of lime or iron, 
and also to small particles of clay formed by chemical disin- 
tegration of feldspar. 


66. Permanence of color is ascertained by submitting 
samples placed in an air-tight vessel to the action of the 
fumes of nitric, hydrochloric, and other acids, for a period 
of 7 or more weeks, at the end of which time the stones are 
washed and any change in color is noted. 


67. Resistance to Acids.—The effect of the acids 
contained in the atmosphere is determined by immersing 
samples of the stone for several days in water that contains 
1 per cent. of the acid whose action it is desired to ascertain, 
and agitating frequently. 

68. Specific Gravity.—The determination of the spe- 
cific gravity of stone affords a convenient method of ascer- 
taining the weight per cubic foot. This determination is 
made by carefully weighing a small piece of the stone in the 
air and then weighing it in water. The result obtained by 


TABLE IV 
SPECIFIC GRAVITY AND WEIGHT OF STONE 


Weight 


oh OE ESCA Pounds per Cubic Foot 


Kind of Stone 


Minimum Maximum Minimum Maximum 


Granite. «: . 2.60 2.80 163 170 
Sandstone . . Bea Plait Pag) 170 
Limestone. . 1.90 2.75 118 175 
Mate eo. 2.62 BRO 165 179 


dividing the weight in air by the difference between the 
weight in air and the weight in water is the specific gravity, 
which multiplied by 62.5, the weight in pounds of 1 cubic 
foot of water, gives the weight of 1 cubic foot of the stone. 
(See AHydrostatics.) 
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When it is desired to ascertain the specific gravity of 
porous stones, or those that absorb much water, the speci- 
men is first weighed dry, then immersed in water, and, 
when thoroughly saturated, removed and weighed, again 
immersed, and weighed while under water. The quotient 
obtained by dividing the dry weight by the difference 
between the weights of the saturated stone in air and under 
water will be the specific gravity. 

Table IV contains the specific gravity and weight per 
cubic foot of the usual building stones. 


69. Resistance to Fire.—The power of a stone to 
resist the action of high temperatures is ascertained by 
heating samples to a red heat in a muffle furnace and 
observing the effect. When slightly cooled, the heated 
samples are plunged into cold water, and the effect in pro- 
ducing cracks or crumbling is noted. 


QUARRYING 

70. General Methods.—In quarrying stone, the first 
operation is the stripping or removing of the soil or earth 
covering; the second is the forming of a working face, by 
rinsing the top stone, which is usually earth-stained and 
weathered. Whena sufficient space of sound rock is exposed, 
the quarry is ready to produce stone for structural purposes. 

The methods employed for quarrying or loosening the 
rough blocks of stone vary with the character of the rock. The 
object aimed at is to produce large and well-shaped blocks 
with the least outlay of time and money, and to avoid as far as 
possible the use of explosives. In quarrying stones that 
occur in thin layers, the loosening is effected by the use of 
hand tools, such as hand drills, plugs and feathers, wedges, 
etc. When the layers are of considerable depth, holes are 
drilled at regular intervals along the lines bounding the block 
to be loosened, the number of holes depending on the char- 
acter of the rock and the size of the block. When the holes 
have reached the required depth, they are charged with some 
explosive, as black powder or dynamite. The former of 
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these explosives is to be preferred, for the reason that it 
causes less injury to the stone. Dynamite has a tendency 
to shatter and break the stone in many directions, and it 
affects the texture in the same manner as the blows of a 
hammer. For drilling the holes, hand or steam drills are 
employed. 

The method just described is the method practiced in 
quarrying granite and the harder rocks. 


71. In loosening marble, limestone, and sandstone, 
machines called channeling machines are used. They cut 
a continuous groove or channel along the sides of the block 
to be detached. When the rock is in well-defined layers, it is 
only necessary after the channels are cut to separate the block 
from its bed by wedges. When the rock is not in layers, the 
block to be removed must be undercut after the channels 
have been cut around it. This is done by a machine called 
a gadder, which cuts a series of horizontal holes at the 
required depth, after which the stone is split out by the use 
of wedges or light charges of powder. The method of chan- 
neling, gadding, and wedging is extensively employed, and 
is very economical and expeditious. 


72. Plug and Feathers.—In many quarries, very large 
masses of stone are broken out from the 
bed by drilling and blasting, and are 
then broken to the smaller sizes required 
for use by a method called plug-and- 
feathering. This method is also used 
for breaking up boulders. The feathers, 
shown in Fig. 1 (a), are two half-round 
pieces of iron tapering almost to a point 
at one end. They range in length from 
8 to 12 inches, and are used to provide 
a smooth path for the plug, and prevent 
it from sticking in the stone. The plug, 
shown in Fig. 1 (4}, is a truncated wedge 
of steel; its length is a few inches greater than the depth of 
the hcles in which it is to be used. 


Fic. 1 
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‘he method of using the plug and feathers is to drill a row 
of holes, ranging from $ to 1 inch in diameter, at distances 
varying from 6 to 8 inches apart, and to a depth varying 
from 4 to 6 inches, along the line in which it is desired to 
have the stone split. A plug is placed between two feathers 
and inserted in each hole; the plugs are then gradually 
driven in simultaneously by light blows of the hand ham- 
mer until the stone splits. 


STONE CUTTING AND DRESSING 


73. Tools Used in Stone Cutting.—The principal 
hand tools used by the stone cutter in cutting or dressing 
stone are as follows: 

The ax, or peen hammer, 
Fig. 2, is used for hewing the sur- 
faces of the stone to a uniform 
plane and for cutting drafts around 
the edges; it is about 10 inches 
long, and has two cutting edges, Fig. 23 shows the appear- 
ance of an axed stone. 

The bush ham- 
mor, Bigs ds"is74 
square prisin of steel, 
from 4 to 8 inches in 
length and 2 to 4 inches 
square. The ends are 
cut into a number of 
pyramidal points that vary in number and size according to 
the fineness of the work required. The appearance of bush- 
hammer dressing is shown 
in Piot 24 

The eavil, Fig. 4, has one 
blunt and one pyramidal or 
pointed end. It is about 


. 12 inches long and 8 inches 
wide, and weighs from 15 to 20 pounds. It is used to 
toughly shape the stone for transportation. 


Fic. 2 


Fic. 4 
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The crandall, Fig. 5, consists of a wrought-iron or steel 
bar, having one end flattened for a length of about 4 inches 
and a width of about 13 inches; in this flattened end there is cut 
a slot, inch wide and 3 inches long, in which are inserted ten 
bars pointed at each end; these bars are made of ¢« 
q-inch square steel and are fastened by a key. This 
tool is used on sandstone after the tooth ax. Fig. 22 
shows the appearance of a crandalled stone. 

The chisel, Fig. 6, is made of round steel varying 
in diameter from ¢ to 
? inch, and has a length 
of about 10 inches. 
One end is formed into 
a cutting edge, having 
a width varying from 
+ inch to 2 inches, according to the work on which it is used. 
This tool is for cutting drafts or markings on the face of 
stones. Fig. 18 shows a rock-faced stone with a chisel draft. 
The chisel is also used in 
producing the finish called 
drove work shown in 
’ Fig. 27. The work is done 
with a wide chisel, and the 
character or fineness is 
regulated by the number of blows, usually four, given the 
chisel to each inch in the length of the stone. 

The double-face hammer, Fig. 7, is used in the quarry 


Fic, 5 Fic. 6 


for roughly shaping the stone and knocking off irregular 
angles. It has two square flat faces, and weighs from 20 
to 80 pounds. This tool is also called a spalling hammer. 

The face hammer, Fig. 8, is used for roughly bringing 
stone to the required shape before applying finer tools. It 
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weighs about 10 pounds, and has one cutting edge and one 
flat face. 


The hand hammer, Fig. 9, is used for driving the drills 
and blunt-pointed tools. It is made of steel, has two oppo- 
site flat striking faces, and weighs from 2 to 5 pounds. 

The mallet, Fig. 10, usually made of hickory, has 
a diameter of from 6 to 12 inches. It is used to drive 
the point or chisel in working soft stones. 

The patent hammer, Fig. 11, is used for dress- 
ing granite and hard limestone. It is a double- 
headed tool, so formed as to hold at each end a set 
of wide, thin chisels or blades of sharpened steel. 
The tool, without the teeth, is 54 in. x 22in. X 1¢in.; 
the teeth or blades are 2? inches wide; their thick- 
nesses vary from vy to ¢ inch. The fineness of the 
work is designated as 4-cut, 6-cut, 8-cut, etc., 
according to the number of blades used to the inch. 

The patent chisel, Fig. 12, is used on surfaces where the 
patent hammer cannot be conveniently handled. In finishing 
surfaces with either of 
these tools, they should 
be held so that the 
blades are always in 
the same direction on 
the stone. 

The pick, Fig. 13, re- 
sembles the pick used 
in digging; the length 
varies from) 15. to 
24 inches, the thickness at the eye being about 2 inches. The 
pick is used for roughly dressing limestone and sandstone. 
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The pitching chisel, Fig. 14, is used with the hand 
hammer to bring the edges of a stone to a straight line; the 
stone is then said to have pitched edges or 
be pitched to line. This tool is made of 
octagonal steel, and has a beveled, instead 
ofa eBttn gs edge, the dimensions of which 
are usually ¢ in. X 23 in. 

The point, Fig. 15, is used for dressing 
or pointing off the surface of a stone, either 
for a permanent finish or to prepare the 
stone for the use of the ax. When used 
for a permanent finish, two classes of work 
are produced: rough-pointed, shown in 
Fig. 20, and fine-pointed, shown in 
Fig. 21. The point is made of round or 
octagonal steel, the end being sharpened to a pyramidal 
pom, and is driven with either the hand hammer or the 

mallet, according to the hard- 
ness of the stone. 

The tooth ax, Fig. 16, is 
used on soft stone to bring the 
rough surfaces to the desired 
plane. It is similar to the ax, 
except that its cutting edges are divided into teeth, the num- 
ber of which varies with the fineness of finish desired. 

The tooth chisel, Fig. 17, is a chisel having the 
cutting edge divided into teeth. It is used in work- 
ing soft stones, because it cuts faster than the 
ordinary chisel. 


Fie. 15 


74. Stone-Working Machinery.—In the 
large stone-cutting plants, mechanical appliances are 
employed as a substitute for the manual labor of 
the stone cutter. The machines comprise saws for 
cutting the stone into blocks; planes for cutting a 
smooth surface; dressing machines, which are used 
to prepare the surface of the stone for polishing; jointing 
machines for dressing the beds and joints to plane surfaces; 
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polishing machines for giving a final dressing and gloss to 
the surface of the stone; and various other machines serving 
different purposes. A detailed description of these machines 
would be beyond the scope of this Course. 


75. Dressing the Stones.—Stone cutting may be 
practiced in various ways, the aim of all being the forma- 
tion of the surfaces desired with the least possible loss of 
material. On receiving a rough block of stone from the 
quarry, the stone cutter examines it, in order to determine 
the purpose to which it is best adapted. He then prepares 
to dress the bottom bed, or surface. The stone is placed 
with the bottom bed up, all the rough projections are 
removed with the hammer and pitching tool, and approxi- 
mately straight lines are pitched off around its edges; then 
a chisel draft is cut on all the edges. These drafts are 
brought to the same plane as nearly as practicable by the 
use of two straightedges having parallel sides and equal 
widths, and the enclosed rough portion is then dressed down 
with the pitching tool or point to the plane of the drafts. 
The entire bed is then pointed down to a surface true to 
the straightedge when applied in any direction—crosswise, 
lengthwise, and diagonally. Lines at right angles are then 
marked on this dressed surface enclosing a rectangle of such 
size as the stone will admit of being worked to, or of such 
dimensions as may be directed by the plan. The faces and 
sides are pitched off to these lines; a chisel draft is then cut 
along all four edges of the face, and the face is either dressed 
as required or left rock-faced. The sides are then pointed 
down to true surfaces at right angles to the bed. The stone 
is turned over, bottom bed down, and the top bed dressed in 
the same manner as the bottom. It is important that the top 
bed be exactly parallel to the bottom bed, in order that the 
stone may be of uniform thickness. 

Stones having the beds inclined to each other, as skew- 
backs, and stones having the sides inclined to the beds, are 
dressed by using a beveled straightedge set to the required 
inclination. Arch stones have two plane surfaces or beds 
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inclined to each other. The upper surface, or extrados, is 
usually left rough; the lower surface, or intrados, is cut to the 
curve of the arch. This surface and the beds are cut true by 
the use of a wooden or a metal templet, which is made accord- 
ing to the drawings furnished by the engineer or architect. 
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76. Finishing the Faces of Stone.—For the purpose 
of presenting a pleasing appearance, the face of the stone is 
dressed or finished in many ways, according to the class of 
work or style of architecture in which it is to be used. The 
following are the finishes most generally employed: 
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Quarry-faced, or rock-faced, in which the face of the 
stone is left as it comes from the quarry. Fig. 18 shows 
a quarry-faced stone with pitched edges; that is, the stone 
has the arrises or edges clearly defined by a chisel line, 
beyond which the rock is left as it came from the quarry, 
or it is roughly cut away with the pitching chisel to form a 
projection of a prescribed amount. 
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Fig. 19 shows a quarry-faced stone with a dressed margin; 
this type is called a drafted stone. In it, the face is sur- 
rounded with a chisel draft, the space inside the draft being 
leftrough. The width of the draft varies, according to fancy, 
from + inch to 24 inches. 
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In ordering stone of the above classes, the specifications 
should clearly state the width of draft, the width of the bed 
and end joints, and how far the surface of the face may 
project beyond the plane of the edge. In practice, the pro- 
jection varies between 1 inch and 6 inches. 
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77. A rough-pointed finish is shown in Fig. 20, and a 
fine-pointed finish in Fig. 21. In the first, the point is 
used so that it will leave its markings at intervals of about 
1 inch; while in the second a finer tool is used and the mark- 


ings are spread from ¢ to 4 inch apart. 
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78. A crandalled finish is shown at a, Fig 22. The 
effect produced by the crandall is the same as fine-point- 
ing, except that the dots are more regularly spread; the 
variations of level are about % inch. When other rows at 


right angles to the first are introduced, as shown at 3, 
Fig. 22, the finish is called cross-crandalled. 


79. Axed and patent-hammered finishes are shown 
in Fig. 23. They differ only in the degree of smoothness; 
the effect is a series of parallel lines, the distance apart of 
which is regulated by the number of blades used in the 
hammer. Precise specifications designate the number of 
cuts required to the inch, as 6-cut, 8-cut, 10-cut, 12-cut, etc. 


80. Bush-hammered, Fig. 24, shows a mass of small 
dots corresponding to the points of the hammer. Rubbed 
and polished are smooth finishes produced by sawing, 
grinding, etc. Such finishes are used for string-courses, 
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door jambs, lintels, etc.; and in positions where the surface 
of the stone is liable to be rubbed by moving bodies, as in 
lock chambers. 


81. Tooled work, Fig. 25, is executed with the flat 
chisel, and is used for sandstones and limestones. Ver- 
miculated work, Fig. 26, is made with the chisel to give 
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the stone the appearance of having been eaten by worms. 
Drove work, Fig. 27, is similar to tooled work, except 
that the lines are broken. 
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82. Diamond-panel work is shown in Fig. 28. Two 
forms of this finish are used: the raised and the sunken. 
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In the first, the surface of the stone is cut so as to slope up 
from the draft line to form a raised apex in the center; in 
the sunken, the stone is cut away so as to slope inwards and 
form a sunken apex in the center. Both kinds are used for 
bridge quoins and similar work. 
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83. Inspection of Cut Stone.—The stone-cutter’s 
shed should be frequently visited, and the stones on hana 
examined (1) to discover any defects that may have been 
overlooked in the examination of the rough stone; (2) for 
correctness of the dimensions; (8) for the character and 
quality of the workmanship. The dressing of the bed joints 
should receive special attention. The surface of the bed 
should be true to the straightedge placed in every direction 
across it. 

Stones accidentally broken after being cut should not be 
allowed to be patched and used. The practice of patching 
is frequently followed in granite and other brittle stones. 
The broken pieces are glued in with melted shellac. In dry 
weather and while still fresh from the tool, such patches are 
hardly noticeable, unless near the eye; hence, they should 
be closely looked for. When the stone is wet by rain, the 
patch becomes conspicuous, and as the shellac is slowly 
destroyed the piece may eventually drop out. 


BRICK 


84. The word brick is generally used to describe small 
blocks made from clay and hardened by burning in a kiln. 
Until very recently, all bricks were made from clay; at the 
present time, however, other materials, as mixtures of lime 
and sand, and of cement and sand, are being employed. 


CLAY BRICK 


85. Clay bricks are made by submitting clay that has 
been suitably prepared and molded into shape to a tem- 
perature of sufficient intensity to reduce it to a semivitrified 
state. There are several varieties of clay brick, each one of 
which is used for a different purpose: as, common brick, 
employed for interior walls, the foundation and backing of 
exterior walls, etc.; pressed or face brick, used for the 
exterior face of walls; glazed and enameled brick, used 
for facing walls in lavatories and public places where sanitary 
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considerations require the use of much water for cleansing 
purposes; firebrick, used for lining furnaces and in other 
situations where high temperatures are to be resisted. 


86. The clay from which common and pressed bricks are 
made consists chiefly of silicate of alumina, either alone or 
combined with other substances—such as iron, lime, soda, 
potash, magnesia, etc.—on the relative proportions of each 
of which the character and quality of the brick, to a great 
extent, depend. Iron gives strength and hardness. Silicate 
of lime renders the clay fusible, and causes the brick to 
become distorted in burning. Carbonate of lime renders the 
clay fusible, and, when exposed to the action of the weather, 
absorbs moisture and prevents the adherence of the mortar. 
Uncombined silica is beneficial when present in moderate 
quantity (one part of silica to four parts of clay); it preserves 
the shape of the brick and prevents shrinking, while an 
excess destroys cohesion and renders the brick weak and 
brittle. 


87. The color of clay brick depends on the composition 
of the clay, the molding sand, temperature of burning, and 
volume of air admitted to the kiln. Pure clay burns white. 
Iron, according to its proportion, produces colors ranging 
from red and orange to light yellow; 8 to 10 per cent. of 
iron produces a dark blue or purple, and with the addition of 
a small amount of manganese produces black. Lime and 
iron produce a cream color; magnesia with iron gives yellow. 
Alkalies produce a bluish-green color. 


MANUFACTURING PROCESSES 


88. Clay brick is made both by hand and by machinery. 
The manufacturing operations comprise the following: 
(1) Sereening the clay to remove stones and mechanical 
impurities; for this purpose, the clay is passed through a 
series of perforated metal screens vibrated by machinery. 
(2) Tempering, that is, mixing the clay with water to make 
a plastic mass; this is effected either in wet pans or in pug 
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mills. (3) Molding, or shaping the brick. (4) Drying 
the molded brick, which is done either in the open air, or in 
steam-heated drying houses, or on hot floors. (5) Burning. 
The processes of molding and burning require especial 
consideration. 


89. Molding.—Molding was formerly done by hand; but 
in modern plants machines of different types are employed, 
and three distinct processes are followed, each being distin- 
guished by the condition in which the clay is used. These 
processes are: (1) the soft-mud process, which requires 
the clay to be very soft and pasty; (2) the stiff-mud 
process, in which the clay is used in a plastic but not soft 
or pasty state; and (3) the dry-press process, which, as 
its name indicates, uses dry or nearly dry clay, and forces it 
under great pressure into the molds. 


90. The machines used for molding may be either auger 
machines, plunger machines, or combinations of these. 
In the auger machine, the clay is forced through a die by a 
series of knives arranged spirally on a horizontal shaft. The 
machine discharges the clay in a continuous bar, which, as it 
emerges from the machine, is cut by steel wires, operated by 
hand or automatically. In the plunger machine, the clay is 
forced by knives and a mud-ring downwards into a chamber, 
from which it passes through a die by the action of a recip- 
rocating piston or plunger. The clay passes from the die 
to a cutting board, where it is cut into bricks by the same 
method as in the auger type. 


91. Burning.—When sufficiently dried, the bricks are 
placed in a kiln and burned for a period ranging from 6 
to 15 days, according to the type of the kiln and the kind of 
fuel used. The bricks made by the dry-press process do not 
require drying, and are removed from the machine directly 
to the kiln. Where improved methods of burning are 
in use, the old style of kiln, built of green bricks and 
plastered with clay on the outer surface to retain the heat, is 


discarded, and stationary kilns with permanent brick walls 
are employed. 
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Kilns operated by the down-draft method are usually 
preferred for burning brick made by the dry-press process. 
A full description of these methods and of the kilns used is 
beyond the scope of this Course; a few general features only 
will be given here. 


92. The kilns used in both the up-draft and the down- 
draft method consist of permanent brick walls 2 or more feet 
thick and about 14 feet high, covered with a tight arched roof 
of brick. They are bv‘lt in two forms: the rectangular and 
the circular, or beehive. The dimensions vary according to 
the capacity desired: a common size for the rectangular is 
20 ft. x 80 ft.; and for the circular, a diameter of 18 or 20 feet. 
To prevent rupture through the expansion caused by the 
heat, the circular form is provided with steel bands or hoops 
about 4 inches wide, and the rectangular form has either steel 
or wooden posts with steel tie-rods. In both methods, the 
kilns are constructed so that they may be operated on the 
principle of utilization of the waste heat contained in 
the burned bricks during cooling. This is accomplished by 
dividing the kiln into compartments, some of which contain 
bricks in process of burning, others of which contain bricks 
in a state of cooling, and still others of which are being 
charged. The kilns operated by this method are called con- 
tinuous. Their form is generally rectangular, and they 
are provided with one very high chimney, instead of the 
several low ones used in the intermittent types. The bricks 
are piled in sections. The partitions between the sections 
are usually made of paper. The fire is started in one section, 
and the heated gases, after passing through the bricks in that 
section, are drawn through the bricks in the next section, 
so as to dry them before starting the fire in that section. 
After the bricks are dried in this manner, the fire is started 
and the process repeated until the bricks in all the sections 
have been burned. The number of sections in a kiln varies 
from four to twenty, depending on the size of the kiln. 

The temperature required to complete the burning is from 
2,200° to 2,600° F, Where the old-style kilns are in use, the 
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common bricks are divided into three classes; namely, arch, 
red, and salmon or pale; they are all found in the same 
burning. The arch bricks are those used to form the arches or 
fireplaces, and from their contact with the fire are overburned, 
hard, brittle, and weak. The red bricks are the properly 
burned bricks from the interior of the kiln, and are the best 
quality. The salmon bricks are those from the exterior of 
the kiln; they are underburned, and too soft for use in 
important structures. With the improved types of kilns, the 
bricks are divided into but two classes: hard bricks, which 
are the properly burned bricks, and soft bricks, which are 
the salmon or underburned bricks. In some localities, these 
classes are designated as firsts and seconds, respectively. 


93. Rank of Bricks.—Authorities differ as to the relative 
merits of bricks made by the different methods. It is, how- 
ever, generally considered that, in regard to regularity of 
form, pressed brick ranks first, stiff-mud brick next, and soft- 
mud brick last; that in compactness and uniformity of texture, 
hand-molded bricks rank first, soft-mud bricks second, stiff- 
mud bricks third, and dry-clay bricks last. In regard to 
strength, stiff-mud bricks are stronger than hand-made bricks 
from the same clay. 


ENAMELED, GLAZED, AND FIREBRICK 


94. Enameled and Glazed Brick.—The terms 
“enameled” and “‘glazed”’ are used to designate bricks that 
have one surface or one surface and one end glazed. Enam- 
eled bricks are made from clay containing a large percentage 
of fireclay. The enamel of porcelain may be applied to the 
bricks either before or after they are burned. The applica- 
tion of the enamel before burning produces the best quality, 
because, in burning, the enamel fuses and unites with the 
body of the brick and therefore does not chip or peel off. 
The color is usually white or light yellow. 

Glazed brick is made by applying to the unburned brick, 
on the side that is to be glazed, a slip composed of kaolin, 
flint, and feldspar; the slip adheres to the clay and holds the 
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glaze. The glaze is composed of materials that fuse readily 
and render the surface vitreous; pigments of metallic oxides 
are added to the glaze to produce any desired color. 

A glazed brick is distinguished from an enameled brick 
by chipping off a piece of the brick. The glazed brick will 
show a well-defined line of demarcation between the glaze 
and the body of the brick, while the enameled brick will not 
show such a line. 


95. Firebrick.—Firebricks are made from a refractory 
clay, called fireclay, by similar processes to those used for 
ordinary bricks. The clay is excavated, ground, tempered, 
and molded, and then burned in kilns at a heat that is 
slowly increased until it attains a very high temperature. 
The bricks are then allowed to cool gradually. 

Fireclay may be defined as a natural combination of hydrated 
silicate of alumina with silica and alumina in various states of 
subdivision, and sufficiently free from alkaline silicates, and 
from iron and lime, to resist vitrification at high temperatures. 
The sulphide of iron (pyrites), oxide of iron, lime, soda, pot- 
ash, and magnesia are injurious, and their presence to the 
extent of 3 per cent. should cause rejection of the brick. 

A properly burned firebrick should be of a uniform color 
—white or white mixed with brown throughout. Dark cen- 
tral patches with concentric rings of various colors indicate 
that the brick was burned too rapidly. 

In laying firebrick, the best results are secured by laying 
the bricks in a thin paste composed of the same clay from 
which they were iaanufactured. The bricks should be 
dipped in water as they are used, and the joints should be 
as thin as possible. 


OTHER KINDS OF BRICK 


96. Lime-Sand Brick.—Lime-sand bricks, as the name 
indicates, are manufactured from a mixture of lime and 
sand; the proportions used are from four to six parts of 
lime and ninety-four to ninety-six parts of sand. The lime 
is reduced to a fine powder in a pulverizing mill, and 
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mixed with the sand; it is then brought to a plastic con- 
dition by the addition of water. The mixture is pressed 
into molds, and the molded bricks are placed in a metal 
cylinder that holds, according to its dimensions, from 
10,000 to 20,000 bricks. The cylinder is hermetically 
sealed, and the bricks are heated by steam for about 
10 hours, during which time the heat causes the hydrated 
lime and silicic acid of the sand to combine and form the 
silicate of lime that gives the brick its hardness. 


97. Cement-sand bricks are manufactured in a similar 
manner to the lime-sand brick, Portland cement being used 
in place of the lime. 


PROPERTIES OF BRICK 
98. Size and Weight.—The dimensions of bricks vary 
considerably. The standard adopted by the National Brick- 
maker’s Association is, for common clay brick, 84 in. x 4 in. 
< 2} in., and for face or pressed brick (clay) 8% in. x 4% in. 
x 2¢ in. The weight of a common clay brick is about 


TABLE V 
WEIGHT AND STRENGTH OF BRICK 


| 


; | Crushing 
Weight é 
Kind of Brick Pounds Per Bigs 
Cubic Foot nee Per 
quare Inch 
Best pressed-clay ...... 150 5,000 to 15,000 
Common hard-claysa 5 seer 125 5,000 to 8,000 
Soft-clay Wi 100 450 to 600 
Ditversand: *.... Aiea neo eee 120 3,600 to 7,600 
Birebrick 2k. eeee ee 120 1,000 to 1,500 


43 pounds; that of a pressed-clay, enameled brick, about 
7 pounds. Enameled and glazed bricks are made in two 
sizes: English size, 9 in. X 3 in. X 44 in.; American size, 
8 in. X 24 in. X 44 in. The usual dimensions for firebricks 
are 9 in. X 42 in. X 23 in.; various sizes and forms are made 
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to suit the required work. The dimensions of the lime-sand 
bricks are 8% in. X 4g in. X 218 in. The weight varies 
between 5 and 6 pounds. 

Table V gives the approximate weight and resistance to 
crushing of brick. 


99. Requisites for Good Brick.—Bricks of good 
quality should be of regular shape, with parallel surfaces, 
plane faces, and sharp square edges. They should be of 
uniform texture, and should be burnt hard. They should be 
thoroughly sound, free from cracks and flaws, and should 
emit a clear ringing sound when struck a sharp blow. 
A hard well-burned brick should not absorb more than one- 
tenth of its weight of water; it should havea specific gravity 
of 2 or more. The crushing strength of a brick laid flat 
should be at least 6,000 pounds per square inch. The 
modulus of rupture should be at least 1,000 pounds per 
square inch. 


100. Testing Brick.—Brick are tested for absorption, 
resistance to freezing, strength, specific gravity, etc. in the 
same manner and by the same methods described for the 
testing of stone. 
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FIELD METHODS IN CONGRETE 
CONSTRUCTION 


CONCRETE PLANT 


PLANT EQUIPMENT 


1. The machinery, tools, storage bins, tracks, locomotives, 
temporary buildings, and other equipment used by a contractor 
in executing his contract are collectively called the plant. A 
complete concrete plant comprises machinery for excavating, 
transporting, and preparing the aggregate, as well as bins for 
its storage; houses for storage of cement; concrete mixers and 
devices for feeding and discharging the mixers; and appliances 
for the conveying and placing of the concrete. 


EQUIPMENT FOR HANDLING MATERIALS 


TRANSPORTATION EQUIPMENT 


2. For general transportation purposes, especially for very 
long hauls over good roads, dump cars and auto trucks are 
used. For shorter hauls and where a road is impracticable, as in 
crossing railroads, canals, valleys, or occupied spaces, cableways 
are employed. For raising material through short distances, 
bucket elevators and belt conveyers are suitable. 


3. In the side-dump car, Fig. 1, the frame @ remains sta- 
tionary and the body b is discharged by tipping it sideways. 


COPYRIGHTED BY INTERNATIONAL TEXTBOOK COMPANY. ALL RIGHTS RESERVED 


2 FIELD METHODS aN 


Other cars are discharged by opening swing- any] 
i The full - Wh 
ing gates in the bottom The full cars some Wh 


times run down an inclined track by gravity 
and the empty ones are pulled up by a cable, 
but usually the cars are moved by a locomo- 
tive driven by steam, electricity, or gasoline. 
Automobile trucks with tilting bodies are now 
extensively used. 


4. A cableway, Fig. 2, consists of a main 
cable a suspended from towers b. A bucket 
is suspended from the trolley c, which runs 
along the cable and is pulled by light lines d. 


The trolley can be stopped at any point on 
the cable a and the bucket can be raised or 
lowered as desired. The towers are usually 
stationary and then the bucket can cover only 
a narrow strip beneath the cable. However, 
when a wider area must be covered, the towers 
can be mounted on wheels and the whole cable- 
way can be moved sideways. If necessary 
more than two towers can be used. 


5. In the bucket elevator, Fig. 3, the 
frame a carries a series of buckets b on 
an endless belt c, which moves over wide 
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pulleys d. The buckets are fastened to the belt and, when 
it moves in the direction of the arrow, the buckets on the upper 
side, which are full, are carried upwards and the contents dis- 
charged at the higher end. The belt travels at a speed sufficient 
to throw the material clear of the elevator and into the bin. 
Sometimes the buckets are mounted on a chain instead of a belt. 


6. When the angle between the elevator and the horizontal 
does not exceed about 22 degrees, the buckets can be dispensed 
with and the materials can be carried directly on a belt conveyer. 
As shown in Fig. 4 the belt is supported at intervals of 4 or 5 
feet by rollers a, called idlers, which are so constructed that the 
belt is raised at the edges to keep the material from spilling. 
As in the case of the bucket elevator, the speed of the belt is 
sufficient to throw the material clear of it into the bin. 


GRADING AND CLEANING DEVICES 


%. Screens.—It is evident that the particles of rock that 
come from a crusher or from a bank will vary considerably in 
size. In mixing concrete it is desirable to have the aggregate 


in all batches as nearly uniform as possible, and therefore the 
aggregate is usually graded according to size before it goes to 
the storage bins. Screens for assorting stone are usually con- 
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structed of steel plates, perforated with holes that permit par- 
ticles smaller than their own diameter to pass through and retain 
all of the coarser materials. Sometimes woven wire is used 
instead of a perforated plate. The screen is usually inclined 
so that the retained material rolls over the surface of the screen 
and may be collected or otherwise taken care of at the foot of 
the screen. By having successive sheets with perforations of 
increasing size the materials are separated into a number 
of grades. 


8. Three types of screens are used: stationary, reciprocat- 
ing, and rotary. ‘The stationary screen, shown in Fig. 5, is 
adapted for handling only very small quantities. It consists of 
a wire screen a mounted in a frame 0 and supported by legs c; 


SOW, 
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the operator throws the materials hard against the screen with 
a quick, sweeping motion, causing the smaller particles to fall 
through the meshes of the screen. 

In the reciprocating screen, the frames are shaken back and 
forth by machinery, causing the materials to roll down the 
slightly inclined surface. In the rotary screen, Fig. 6, the 
materials are caused to slide by a rotary motion. Here also 
the longitudinal axis of the screen is slightly inclined, and the 
material gradually finds its way to sections with larger perfor- 
ations as shown at a, b, and c. 


9. Another type of rotary screen, called a dust-jacket screen, 
is shown in Fig. 7. The dust jacket a, which is a cylindrical 
screen with small perforations, surrounds another cylindrical 
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screen c with large perforations; the aggregate passing through 
the inner screen c but retained upon the jacket a is discharged 
at d, where it is collected in a hopper or other suitable recep- 
tacle. Usually the inner screen is longer than the jacket, in 
which case the projecting portion b of the inner screen is pro- 
vided with a short space e without perforations, so as to avoid 
accidental discharge from the inner:screen into the hopper at d. 
All the material collected in the hopper will be smaller than the 
perforations of the inner screen and larger than those of the 
jacket. The material larger than the holes in c passes to b from 
which another size of aggregate is discharged. 
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10. Washing Equipment.—Sand and gravel frequently 
contain impurities that must be removed before the materials 
can be used in concrete. The dirty material is tumbled about 
with a sufficient quantity of water to carry the impurities 
away. The receptacle in which the cleansing process takes 
place is called a scrubber and the aggregate is agitated until 
the silt is suspended in the water. 

A simple washing plant for small jobs is shown in Fig. 8. 
It consists of a trough having cleats, called riffles, nailed to the 
bottom at intervals and a screen with fine mesh placed in the 
bottom at the lower end. The gravel is introduced at the upper 
end of the trough, and sufficient water is admitted to cause the 
gravel to tumble down the trough, the riffles serving to agitate 
the mass thoroughly. In this manner the water removes the 
dust and clay adhering to the pebbles, and the dirty water and 
sand pass through the screen, as shown. The clean pebbles are 
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discharged at the lower end of the trough in a pile, from which 
they can be removed as required. 
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11. On large jobs, the washing plant is usually combined 
with the screening plant, as shown in Fig. 9. The screens are 
of the rotary type and each has perforations of a different size 
with a scrubber attached. The screen with the largest perfora- 


tions is first, and the fine material and water pass through to the 
next screen. ‘The retained material can be discharged to a stor- 
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age bin. The operation is repeated until the last screen is 
reached and then the fine sand is separated from the dirty water 
in a special tank not shown in the illustration. 

Sometimes, one scrubber at the beginning is sufficient for the 
entire process, in which case the screen with small perforations 
is first, and the coarser material passes to the next screen, the 
retained material being carried to storage bins. ‘The dirty water 
escapes through the first screen and, if desired, the fine material 
that goes with it can be separated from the water. 


STORAGE EQUIPMENT 


12. Sand and Gravel Bins.—Bins for holding sand and 
gravel are most commonly built of timber. The best con- 


struction for the walls is a framework of upright and horizon- 
tal timbers with planks on edge secured to them. In order to 
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protect the bottom of the bin against rapid wear, it is lined 
with sheet steel or flat steel bars. Bins are usually divided 
into compartments by means of vertical partitions, so that the 
various sizes of material can be stored separately. For per- 
manent plants of large size, such as are used in the manu- 
facture of concrete products, bins are sometimes constructed 
of reinforced concrete. Such a bin is shown in Fig. 10; the 
chutes a are for withdrawing the material. 


13. Location of Bins.—For economical operation, the 
bins in which the sand and gravel are stored should be as near 
as possible to the concrete mixer. Wherever possible, the 
force of gravity should be used in transporting material and all 
lifting should be done by machinery. If wheeling cannot be 
done on the level, the full carts should go down hill and the 
empty ones up hill. 

It is sometimes possible to carry the raw materials by means 
of chutes and conveyers directly from the bins to the mixer, 
where they are measured separately. Otherwise the sand and 
gravel are transported in wheelbarrows. When all of the 
bins cannot be placed at the same distance from the mixer, 
the coarse aggregate should be nearest the mixer, the sand 
next, and the cement farthest away, because it is necessary 
to transport more stone than sand and more sand than 
cement. 


CONCRETE MIXERS 


INTRODUCTION 


14. Classification—Concrete can be mixed either by 
hand or machine. Hand mixing has been explained suffi- 
ciently elsewhere and will not be considered further here; it 
is, morever, not permitted on important work. Machine mix- 
ers are of two kinds, known as batch mixers and continuous 
mixers. Batch mixers are used almost exclusively in engi- 
neering work; continuous mixers are used only for mixing 
mortar for masonry and for mixing concrete in concrete- 
product plants and for small foundations. 

IL T 315C—10 
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Batch mixers are classified as mechanical mixers, gravity 
mixers, and pneumatic mixers. A mechanical mixer consists 
of a revolving drum in which the mixing takes place. In the 


UMMM 


gravity mixer, the materials are mixed by falling through 
a series of stationary hoppers. Pneumatic mixers employ 
compressed air to agitate the materials and mix them. 
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15. Feeding Devices.—The solid material can be fed into 
a mixer in four different ways. The various devices are 
shown in Figs. 11 to 14 and are indicated in each case by a. 
They are known as the feed-chute, Fig. 11; the measuring 
hopper, Fig. 12; the pivot hopper, or side loader, Fig. 13; and 
the sliding-pivot hopper, Fig. 14. ‘These devices are necessary 
for mixers having a small feed opening a considerable dis- 
tance above the ground. Some mixers have a large feed 
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opening, as at g, Fig. 15, and can be fed directly from a low 
platform. A mixer of this kind is of the low-charging type. 


16. Feed-chutes are funnels through which the raw 
materials slide into the mixing chamber. ‘The feed-chute is 
best adapted for use where the batch of cement, sand, and 
stone arrive at the mixer already assembled in a car so that 
the entire batch can be dumped into the mixer at once. 

Measuring hoppers are large enough to hold an entire 
batch of raw material. They are provided with a gate at 
the opening to the mixer so that the cement, sand, and stone 


12 FIELD METHODS IN 


“a 


may be assembled in the hopper. The assembled materials 
are quickly discharged into the mixer by opening the gate, 
which is controlled by a lever, the top of which can be seen 
at c in Fig. 12. The advantage of the measuring hopper is 
that one batch of raw materials can be assembled in the hopper 
while the previous batch is being mixed in the drum. 

An objection to both the feed-chute and the measuring hop- 
per is that they are too far above the ground for convenient 
feeding when wheelbarrows 
are used to carry the raw 
materials. Where conditions 
warrant the expense, the 
mixer is often sunk in a hole 
so that the top of the hopper 
is brought level with the 
ground, or else the materials 
are fed to the mixer from 
a platform. 

The objection to the feed- 
chute and measuring hopper 
does not apply to the pivot 
hopper shown in Fig. 13, 
which consists of an open 
bucket, or skip, a, pivoted on 
shaft b. The outer end of 
the skip is elevated by means 
of cables and pulleys and the 
material slides into the mixer. 

Sometimes it is convenient 
to place the mixer at an ele- 
vation considerably higher than the level at which the raw 
materials are delivered. When this is the case, the mixer is 
charged by means of a sliding-pivot hopper, as shown in 
Fig. 14. This hopper a has rollers b that run in vertical 
guides. It is raised or lowered by means of cables that run 
over pulleys and are wound on the drum d. When the hopper 
is in the position shown in Fig. 14, it discharges its contents 
into the mixer. 
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17. Water is admitted to the mixer from a tank. Auto- 
matic measuring tanks, such as shown at b in Fig. 12, are neces- 
sary on mixers with side loaders, because it is difficult to 
feed the water to this type of mixer in any other way. How- 
ever, when the mixer has a stationary hopper, the man in 
charge of the mixer can easily pour into the mixer a few 
pailfuls of water dipped from a barrel alongside. ‘This per- 
mits a variation in the amount of water mixed in the con- 
crete, which is often desirable when the sand and stone are 
wetter in some places than in others, or when it is desired 
to use a batch of wetter or drier concrete. Sometimes, a 
barrel of water is mounted over the mixer and the water 
is drawn from it through a valve. Tanks permitting the dis- 
charge of only a constant amount of water are seldom used. 


MECHANICAL MIXERS 


18. Use of Mechanical Mixers.—Mechanical mixers are 
used far more than all the other kinds, and may be obtained 
in far greater variety. 
All mechanical mixers 
have a revolving mix- 
ing chamber, or drum, 
which may be either 
cylindrical or conical. 
The _ difference be- 
tween the different 
kinds of mechanical 
mixers is principally 
in the method of dis- 
charge. In some ma- 
chines, called tilting 
mixers, the drum is eae 
tilted in order to pour 
its contents out, while in others, called non-tilting mixers, the 
drum is not tilted and the mixed concrete is removed by means 
of special devices. 
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19. Non-Tilting Mixers—The principal features of a non- 
tilting mixer are indicated in Figs. 15 and 16s) In, Big. 15s 
shown a side elevation of the mixer; the mixing drum c rests 


(b) 
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on four rollers d, of 
which two are shown 
in the illustration; the 
drum is surrounded by 
a gear-ring e, by which 
the drum is revolved, 
the rotary motion being 
imparted to the gear- 
ring and the drum by 
means of the pinion f. 
The charge of raw ma- 
terials to be mixed is 
introduced into the 
drum through an open- 
ing provided with a 
charging hopper g, and 
the mixed concrete is 
discharged through an- 
other opening on the 
opposite side of the 
mixer by means of a 
discharge chute, which 
occupies the position a 
while concrete is being 
mixed and the position 
b while concrete is be- 
ing discharged. 

The drum contains 
mixing blades, or 
vanes, shown by radial 
lines in Fig. 16, but 
actually of complicated 


form. When the drum is revolving in the direction of the 
arrows the blades lift up the concrete on one side as shown 
by the arrows. During mixing, the chute is in the posi- 
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tion shown in Fig. 16 (a), and the mass falls by gravity io 
the bottom of the drum. Also, owing to the curvature of 
the blades, the materials are poured first toward one end of 
the mixer and then back to the other end; the mass is thus 
churned and turned. When the chute is fixed for discharging, 
it has the position shown in Fig. 16 (b) and intercepts the 
falling concrete, which slides out of the mixer. 

The details of arrangement of the drum and vanes shown 
in Figs. 15 and 16 refer specially to the Ransome mixer, but 
the principles are the same in all makes. The blades do not 


bear tightly against the inside of the drum, but are set about 
a quarter of an inch away from it to allow the water to wash 
underneath the blades and prevent cement from collecting in 
pockets between the blades and the drum shell. 


_ 20. Tilting Mixers.—Tilting mixers differ from those pre- 
viously described in the design of the mixing drum and the 
method of discharging it. In Figs. 17 and 18 is shown the 
Smith mixer, which is typical of the class. The aggregates are 
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dumped into the receiving chute a, Fig. 17, from which they 
slide into the drum. ‘The tendency of the aggregates is to 
go to the part of the drum having the largest diameter; but 
their progress in that direction is arrested by means of con- 
verging blades, Fig. 18, and the mixture is forced back upon 
itself. The pouring and turning effects essential to the mix- 
ing of good concrete are 
thus produced. When in 
the position shown in 
Fig. 17, the weight of 
the mixer drum is sup- 
ported by two rollers b 
on which the drum re- 
volves. Two guide roll- 
ers c, together with two 
more opposite them on 
the center gearing, keep 
the drum in place. The 
drum, the rollers, and 
the bevel gears that en- 
gage the toothed ring are 
mounted in a cradle that can be swung about an axis in line 
with the gear-shaft that runs in the bearing d. Some of the 
smaller sizes are discharged by pressing down on the lever e, 
which tilts the drum in its cradle. Larger sizes of Smith 
mixers have a power-driven tilting device, operated through 
a clutch from the engine. Discharging does not stop the 
rotation. 


21. Light Mixers.—The principal objection to the mixers 
previously described is their great weight. In order to meet 
the special requirements of the contractor having many small 
jobs, the so-called light mixer was introduced. The Ransome 
Bantam mixer, Fig. 19, has a capacity of a one-bag batch of 
1:3:6 proportions. It is of the low-charging type so that 
each wheelbarrow load of aggregate is dumped individually 
into the mixer drum, and the considerable weight of the 
pivot-hopper arrangement is thus eliminated. The weight is 
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still further reduced by making the drum of minimum size. 
In order to gain the required capacity with a small-sized drum, 
the discharge opening is sealed with a revolving door that 
stays locked as long as the mixing process lasts. When the 
door is opened, the mixer discharges its batch, the concrete 
being thrown out by special discharging vanes, or blades, 
fastened to the inside of the drum shell. 

In other types of light mixers, the concrete is discharged 
by a chute similar to those described on heavy mixers. 
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22. Power Equipment of Mechanical Mixers.—Mixers 
may be bought equipped with a belt pulley to be driven by 
means of a belt from some independent source of power; 
or they may be bought with the power source mounted on 
the frame. Mixers are commonly equipped with a steam 
engine, or with both engine and boiler, with gasoline engine, 
or with electric motor. For smaller sizes, and especially for 
light mixers, gasoline engines are commonly used. Large 
mixers are usually equipped with steam power. For building 
work, a mixer with a steam engine can be run by supplying 
steam to the engine from the boiler mounted with the hoisting 
engine, because building jobs usually require a large steam- 
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driven hoist. Electric power is used for all sizes of mixers, 
especially for permanent installations or in manufacturing 
plants. Contractors who do much moving about do not 
usually favor electric power because the kind of current is 
not the same in all places, there being sometimes two or 
three kinds of current in different parts of the same city, 
each calling for a different type of motor. 


GRAVITY MIXERS 


23. In Fig. 20 is illustrated the Hains gravity mixer, so 
called because gravity is the only force employed in the mix- 
ing process. The mixing is accomplished by dropping the 
materials through a series of conical steel hoppers arranged 
in a tower. At the top are four hoppers (only two are shown 
in the illustration) into each of which a batch of materials, 
including water, is measured. One hopper at a time is dis- 
charged into the hoppers below, the door, or gate, at the bot- 
tom of each hopper being kept closed until the entire batch 
is in that hopper; the mixer is therefore truly a batch mixer. 
From the bottom hopper, the mixture passes into whatever 
conveyance is provided for delivering it to the forms. Four 
measuring hoppers are used in order that a batch of unmixed 
materials may always be ready for mixing so that there will 
be no waiting for a measuring hopper to be filled. 

The mixing is done on the principle of the hour glass. Each 
time the mixture is discharged from one hopper to the next, it 
not merely slides along the sides of the hopper, but falls 
inward at the center, as does the sand in an hour glass, and 
thus is produced the pouring and turning action necessary 
for the mixing of concrete. The hour-glass effect, however, 
varies with the consistency of the mixture. 


24. From the contractor’s standpoint, the gravity mixer 
is economical if used for fairly large jobs. If properly 
arranged, it can be operated faster than any other type of 
mixer, the rate of work depending only on the speed with 
which the concrete can be taken away. Further, its first cost 
is lower than that of other types of mixers of the same capac- 
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ity ; there is no engine and practically no other moving parts to 
get out of order; and it can be operated with only a few men. 

Chief among the objections to the use of gravity mixers is 
the danger of incomplete mixing—a very serious objection. 
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The time of mixing is not within control of the operator. 


Many specifications therefore prohibit the use of gravity mix- 


ers. Moreover, appreciable economy of operation is not 


always realized. 
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PNEUMATIC MIXERS 


25. A pneumatic concrete mixer, as the name implies, is a 
machine employing compressed air as the mixing agent. The 
machine is more than a mere mixer, however, for the air is 
used also to deliver the concrete through a pipe to its place 
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in the forms. One such machine is the Ransome-Canniff 
pneumatic mixer, shown in elevation in Fig. 21. The dry, 
unmixed batch is dumped into the mixing chamber a through 
the charging hopper b, which is provided with a door operated 
by an automatic air valve c. Water is added from the measur- 
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ing tank d, and the door is closed tightly. The mixing is per- 
formed in the chamber a by means of strong air currents intro- 
duced under pressure through numerous nozzles ¢; the air 
currents enter the mixing chamber at such an angle that the air 
not only boils up through the batch, but also gives it a very rapid, 
swirling motion. The nozzles ¢ receive their supply from the 
ring-formed pipe f circling the mixing chamber. Another pipe g 
leads to the discharge opening / at the bottom of the machine, 
and through the pipe g compressed air siphons the contents of 
the mixer out into the discharge pipe. The discharge pipe, 
not shown in the illustration, consists of a flanged pipe bolted 
onto the flange shown on the discharge nozzle h. The rush 
of the compressed air from the pipe g into the nozzle h causes 
suction in the discharge pipe, and this. suction causes the 
aggregate in the mixing chamber to cave in at the center, the 
portions around the sides rolling in to fill the empty space, 
giving a rapid hour-glass effect. ‘The air pressure itself is an 
active power in the mixing process as it forces the sand into 
the voids in the coarse aggregate, the cement into the voids 
in the sand, and the water throughout the entire mass. 


26. Pneumatic mixers, known as grout injectors, are used 
for mixing mortar and placing it against great pressure. 
Another important make of pneumatic mixer is called the 
cement gun, in which cement and sand are first mixed dry 
under the action of compressed air, and the water is added 
as the materials are issuing from a nozzle into a hose for distri- 
bution. Due to the great pressure with which the resulting 
mortar is applied, it is unusually dense, and the cement gun has 
found wide use where waterproof mortar is required, or 
where a very thin coating on steel or iron is desired. More- 
over, the cement gun is portable. 


2%. Pneumatic mixers have found their principal field of 
usefulness in tunnels, because concreting tunnels by ordinary 
means is exceedingly slow and expensive work, and because 
the pipe-line discharge of a pneumatic concrete mixer is very 
well adapted for filling in the narrow spaces between the molds 
commonly used in tunnel work. The compressed air com- 
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pacts the concrete behind the molds with such great force that, 
as a general rule, both the strength and appearance of the 
concrete have been very satisfactory. ‘The only exception is 
at the top of the arch ring, where the air, trapped between 
mold and tunnel roof, is likely to cause pockets, and there 
is still room for an apparatus to overcome this final objection. A 
large part of the subways and tunnels in both New York City 
and Chicago have been constructed with pneumatic mixers 
and placers. 


CONTINUOUS MIXERS 


28. The general principle of operation of the continuous 
concrete mixer is to feed a steady stream of raw material into 
one end of the machine and turn out mixed concrete at the 
other end. 

The method of applying this principle in the Eureka mixer 
is shown in Figs. 22 and 23. The sand and the cement are 
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fed into the end of the mixing trough a from bins placed side 
by side as shown in Fig. 22. In Fig. 23 the cement and the 
sand bins and the trough are shown in cross-section. ‘The 
measuring devices and the feeders are combined in the revolv- 
ing steel paddle wheels b. The feeders are driven through 
sprocket wheels and chains so as to turn in the directions indi- 
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cated by the arrows. Each feeder delivers four pocketfuls 
of material per revolution. Therefore, by making the feed- 
ers of the proper relative sizes and rotating them at the proper 
relative speeds, the sand and the cement can be delivered to 
the mixing trough in accurately measured quantities in the 
proper proportions to give the mixture desired. In practice, 
the proportions of materials are varied by varying the cubi- 
cal capacities of the pockets in the feeders. Plates provided 
for this purpose are inserted or removed according to a card 
of directions fur- 
nished with each ma- 
chine. Cement 

A so-called relief 
roller c, Fig. 23, keeps 
the pockets in the 
sand feeder evenly 
full and also serves to 
prevent the feeder 
from becoming clog- 
ged. A worm agita- 
tor d prevents damp 
sand from packing 
and so retarding the 
flow. 

Farther along on 
the mixing trough, as 
shown in Fig. 22, is 
the stone bin, from which crushed stone or gravel is delivered 
by the same method as is used for the sand and the cement. 

In the mixing trough a series of mixing blades, turning 
with a shaft e, Fig. 23, thoroughly mingle the cement and aggre- 
gates and at the same time propel them toward the discharge 
end of the trough. The sand and the cement are fairly well 
mixed before they come beneath the stone bin. Water is 
sprayed in at the base of the stone bin, wetting the stone so 
that it will take on a coating of cement and sand. Farther 
along, more water is sprayed into the trough, so that the proper 
consistency may be obtained. 
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When the materials reach the end of the trough, they have 
been properly mixed and are ready for transportation to the 
forms. The hopper f, Fig. 22, is used to interrupt the flow of 
concrete during the interval required to remove a loaded bar- 
row or bucket and replace it by an empty one. When the 
hopper is swung upwards, the concrete that has accumulated 
in it during this interval falls into the barrow. 

Machines of this type are made in a variety of sizes. The 
power for each is obtained from a gasoline engine. Advanta- 
geous features are their lightness and compactness, which 
make them easy to move and easy to install in a limited 
space. 


29. Theoretically, the continuous mixer is an ideal machine, 
but in practice it is difficult to maintain uniformity in the 
quality of concrete turned out, because variation in the mois- 
ture contents of the sand, or irregularity of flow of cement 
from the hoppers, is quite likely to cause these materials to 
clog and prevent uniform proportioning. If it could be made 
certain that cement, sand, and stone, together with the neces- 
sary water, would always be fed to the machine in proper pro- 
portions, the resulting product would be a fair grade of 
concrete. But whenever there are variations in the supply of 
ingredients there will be variations in the resulting concrete, 
which at one time may be rich in cement and at another time 
deficient in this most important ingredient. Another objec- 
tion to continuous mixers is that the time of mixing is not 
under such control as in the batch mixers. Manufacturers 
of continuous mixers have realized these deficiencies, and have 
done their best to remedy them. Nevertheless, the continuous 
mixer is not in good favor among engineers, and its use is 
not often permitted where the work is being executed under 
engineering supervision. In construction work, the field of 
the continuous mixer is therefore limited to such small opera- 
tions as cellar floors and foundations in residences and the 
mixing of mortar for masonry. However, in  concrete- 
products plants it has been found possible so to arrange the 
feeding devices and the water supply that good results are 
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being obtained, and notwithstanding the objections raised 
against continuous mixers for general purposes, they are exten- 
sively used in the concrete-products industry. 


CONVEYING CONCRETE 


METHODS USED 


30. Except in the case of the use of (1) pneumatic mix- 
ers, which usually have attachments for conveying and placing 
also, and (2) some street pavers, which travel along and place 
the concrete directly, it is necessary to transport the concrete 
from the mixer to the forms by special machinery. For con- 
veying concrete without raising it to a higher level, wheelbar- 
rows and carts can be used. For elevating concrete, hoisting 
towers are usually employed to perform only the vertical lift, 
but buckets on cableways hoist and convey the concrete simul- 
taneously. For conveying concrete to a lower level, spouts 
are commonly used. 


CONVEYING CONCRETE BY WHEELING 


31. Wheelbarrows and Carts—Wheelbarrows used in 
conveying concrete should be strongly built of steel except 
for the handles, which may be of wood. In Fig. 24 is shown 
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a common type of wheelbarrow that can carry about 2} or 3 

cubic feet of concrete without spilling. It can be dumped 

either forwards or sideways. As previously explained, 

wheelbarrows are also used for handling other materials on 
Pe rase 
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construction work. Wheelbarrows are easily handled without 
runways on fairly hard and level ground, but on soft ground 
2”X12” planks should 
be laid to facilitate 
wheeling. In order to 
lengthen the service of — 
the planks it is advis- 
able to put bands of 
hoop iron on their ends 
to prevent them from 
splitting. 


32. Carts used for 
handling concrete have 
two large wheels, and 
the shaft on which the wheels turn usually extends through 
the body of the cart, as in the type shown in Fig. 25, 
where 0 is the body and c is the shaft. However, some carts 
have special hub castings fastened to the sides of the body. 
The carts usually carry about 5 cubic feet of concrete, but 
the load is well balanced on the shaft and one man can easily 
handle a full cart on a level runway. A slight upward inclina- 
tion of the runway makes it necessary to put two men on a 
cart, which increases the cost of conveying. ‘The body of the 
cart forms a lip at a and the handle is reversible. With the 
handle in the position shown, 
the body can be turned up- 
side down and dry concrete 
can be removed readily; 
when the handle is reversed, 
the material pours out over 
the lip at a, and wet con- 
crete can be dumped grad- 
ually. The cart cannot stand 
up unsupported. 


33. Cars—Dumps cars, Fic. 26 
one type of which is shown in Fig. 26, have the form of a 
hopper, and discharge sideways through a gate a, which is 
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opened and closed by levers b, one at each end. The cars are 
built to run on tracks and are used on work such as dams, 
retaining walls, and pipe lines, where the length is great and 
the width so small that the concrete can be dumped through 
a short chute directly from the gate into the forms. On a 
level track the cars usually hold about a cubic yard of con- 
crete without spilling. 

‘Dump cars similar to the one shown in Fig. 1, but having a 
slightly different shape, are also used. The body of the car 
is pivoted on a turntable so that it can dump to either side or 
forward. 


ELEVATING CONCRETE 


34. Methods of Elevating——In most cases the concrete 
mixer is placed at or near the ground level, while the structure 
to be concreted reaches far above ground, as in the case of 
a building several stories high or a large bridge spanning a 
valley. It is then necessary to elevate the concrete from 
the level of the mixer to the level of the work. On large 
buildings hoist towers are used, and on small buildings, plat- 
form elevators are employed. In concrete-products plants, 
bucket elevators similar to those described for handling sand 
and gravel are frequently used. When there are derricks or 
cableways, bottom-dump buckets are convenient. 


35. Hoist Tower.—A front elevation of a hoist tower 
is shown in Fig. 27 (a) and a side elevation in (b). On each 
side of the tower is a wooden guide post a for the bucket b, 
which is raised by means of a hoist c and a cable running over 
the pulley d. On the front of the tower is a guide post e, 
against which the nose piece of the bucket rubs and thus pre- 
vents it from tipping until it is clear of the guide e, when it 
assumes the position shown by the dotted lines at f and its 
contents are discharged into the bin g, which is provided with 
a gate through which the concrete may be discharged into 
the cart h or other conveyer. Adjacent to the tower is a 
mixer, which discharges its contents through a pipe 7 into the 


bucket. 
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The tower may be of either wood or steel, but the bucket 
and bin should always be of steel. ‘The bucket should be just 
large enough to hold a batch of concrete, but the bin should 
be large enough to hold several batches, to provide for the 
contingency that there may be a slight delay at the mixer or 
at the forms. 
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The tower should be well braced to resist the stresses caused 
by the wind and by hoisting. Besides the diagonal and hori- 
zontal braces shown in Fig. 27, numerous cables lead from the 
top and intermediate points to anchors, called deadmen, usually 
consisting of sticks of timber firmly embedded in the ground. 
Sometimes, a small derrick is attached to one of the posts 
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of the tower as at 7 in Fig. 27. This derrick can be used for 
hoisting reinforcing steel and forms up to the structure under 
erection. 


36. Platform Elevator—The type of hoist tower just 
described has every advantage for hoisting concrete, but in 
many buildings brick and tile are used at the same time and 
the tower hoist is not adapted for handling these. On large 
jobs, a separate hoist for concrete and another for building 
materials can be installed, but the cost of this extra equipment 
is prohibitive on small jobs. The concrete is then often dis- 
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charged from the mixer directly into carts which are raised 
up to the level of the floor by means of platform elevators. 
Platform elevators are made with either one or two platforms. 


37. <A double-platform elevator is shown in Fig. 28. The 
two platforms a and b are hoisted by the same rope, one end 
lifting the platform a and the other end lifting the platform 5, 
the rope passing from the platforms over the overhead sheave 
wheels c and d, and from there to the foot-block e, which 
guides the rope to the hoisting engine. The hoisting engine 
must have a special reversible rope drum over which the rope 
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passes, so that revolving the drum one way causes the plat- 
form a to go up while b comes down, and reversing the drum 
causes b to go up while a comes down. ‘Thus, the dead 
weight of the elevator is always counterbalanced, the two 
platforms balancing one another. 

The equipment used in connection with a double-platform 
elevator comprises a light mixer of the Bantam type, and at 
least four concrete carts. One of the carts will go up full of 
concrete on one platform while another is coming down empty 
on the other platform; meanwhile, one cart is being filled 
at the mixer and one is being emptied into the forms. Con- 
crete can be put in quite efficiently. in this manner if the job 
is a small one. Both mixer and hoist- 
ing engine are usually provided with 
gasoline engines, and the engineer 
operating the hoist can look after both 
engines. 
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Ne 38. A single-platform elevator is 
used in the same manner as the double- 
platform elevator, the carts or wheel- 
barrows being placed on the platform 
and hoisted to the desired level. In 
some respects the single-platform ele- 
vator is to be preferred to that with the 
double platform, because in the double- 
platform elevator it is necessary for the operations of loading 
at the bottom and emptying at the top to coincide perpetually, 
while in the single-platform elevator each operation is per- 
formed independently of the other. 
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39. The necessity for building separate towers for hoist- 
ing concrete and other materials can be avoided in many cases 
by using a combination platform and bucket hoist. For hoist- 
ing brick and tile, boards are laid across a frame, forming a 
platform; for hoisting concrete, the boards are removed and 
a bucket fitted in the frame. 


40. Bottom-Dump Buckets.—The buckets used for con- 
veying concrete are of steel with dump bottoms, as shown 
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in Fig. 29. The shape and size of the buckets vary in the 
different makes. Sometimes the buckets are carried on flat 
cars from the mixer to a point near the forms; then they are 
lifted by derricks, and the concrete is dumped into the forms. 
In the construction of dams and viaducts, the buckets are 
more economically transported on cableways similar to that 
shown in Fig. 2. 


GRAVITY CONVEYERS, OR SPOUTS 


41. Elements of Spouting Systems.—Spouting plants 
comprise in general: (1) a hoist tower for elevating the con- 
crete to a considerable height above the area to be concreted, 
the tower being taller than where carts are used; (2) a storage 
bin for the concrete at the top of the hoist tower; (3) a line of 
spouts or chutes leading the concrete from the bin to the forms ; 
and (4) means for supporting the chutes. 


42, The best types of spouting come in short units from 
which larger sections are assembled, which makes it possible 
to exchange a badly worn unit without scrapping the entire 
section. Each short unit consists of a piece of sheet metal c, 
Fig. 30, bent to the shape indicated and forming a longitudinal 
trough that is stiffened by the bent edge b. At each end of 
each unit are angle-iron yokes a fastened to the trough with 
rivets having their heads countersunk on the inside so as not 
to impede the flow of the concrete. The yokes have holes so 
that subsequent lengths of spout can be united by means of 
the bolts e. 

A common length for the units is 16 feet. Two such units 
bolted together form a section which is the longest length of 
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chute that will carry concrete without intermediate support. 
Three units may be united into a 48-foot section, as shown in 


Fig. 31, but it then becomes necessary to add truss rods b 
from which the spout is supported at two intermediate points 
in order to make the section rigid. The truss rods } are 
sometimes called hog rods. Each complete section or .individ- 
ual piece of spouting must have at its upper end a hopper a 
for receiving the concrete, and at its lower end a splash hood c. 
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The splash hood is simply a plate that deflects the flow of the 
concrete downwards into the hopper of the following section 
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of spouting. Successive sections are suspended from one 
another, each splash hood having a hook bolt d which engages 


Tower 


Ho/s ting 
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an eyebolt in the hopper of the following section. In the sys- 
tem here described, the hoppers and splash hoods are individ- 
ual units, obtainable separately, and they are interchangeable. 


43. Systems of Spouting.—Sections of spouting are 
united into lines, which are suspended in any one of three 
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ways: (1) by a boom, Fig. 32, hung on a hoisting tower ; 
(2) by a line, Fig. 33, called a messenger cable, run from a 
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hoisting tower to a deadman, or, possibly, to another tower; 
and (3) by a row of triangular towers, Fig. 34, called tripods. 


44. Of the three methods, the boom plant is the most flex- 
ible. The boom bracket supports the lower end of the boom 
and by means of the boom falls, which are ropes passing over 
pulleys, the boom can be raised or lowered at will; the boom 
can also be swung in a horizontal circle about the point of 
support on the boom bracket. The first section of spout is 
supported at the hopper and can be swung in any desired 
direction by moving the boom; also, by means of the trough 
falls, the slope of the spout can be regulated. The second 
section of spout is supported from the end of the first section, 
and the lower end can be swung around to the point where it is 
desired to place the concrete. Since each section is about 48 
feet long, an area having a radius of 96 feet can be covered 
directly from the spout. 


45. The two other methods are best adapted to work 
where a long line for conveying concrete is to be stationary 
for a period of time. The messenger-cable plant is more 
particularly adapted for a straight line, and tripods for a 
curved line. However, by properly arranged lateral guy lines, 
a messenger-cable plant can be forced to follow almost any 
curve desired, and by placing the tripods on wheels and hav- 
ing the wheels run on tracks or planks, a tripod plant can be 
made flexible, although at comparatively high cost. 

‘The plant shown in Fig. 33 consists of chutes suspended 
from the messenger cable by blocks and falls; there are four 
48-foot trussed sections a, one 32-foot section b not trussed, 
and a section c making a turn from b. Sometimes many 16- 
foot sections, such as that in Fig. 30, are bolted together to 
form a continuous line. Such a line is too unyielding and, 
therefore, must include a number of special flexible joints. A 
combination boom and messenger line is often convenient. 

Tripods for supporting the chutes are seldom used alone. 
One or two tripods, supporting a short run of spout and 
usually mounted on wheels, are frequently employed at the 
outer end of a boom plant to increase its range. 
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46. Spouting is best adapted for jobs containing much con- 
crete within a small area. Under ordinary conditions a spout- 
ing plant is not economical for less than 3,000 cubic yards of con- 
crete, but scarcity of labor and high wages may lower this limit. 

The pitch of the spout line must be so arranged that the 
concrete will not flow faster in some parts than in others; for 
then a pile-up will result where the flow is retarded, and the 
concrete will overflow the trough and fall to the ground. An 
average pitch of 27 degrees with the horizontal, or a slope of 
1 foot vertical to 2 feet horizontal, is recommended by the Joint 
Committee as good practice. The consistency of the con- 
crete is also important, since too much water will cause the 
stone to separate from the mortar, and not enough water will 
cause the concrete to stop in the chute and pile up. 

The mixer plant should be of sufficient capacity to enable 
concrete to be mixed and fed to the chute rapidly enough to 
keep a continuous stream going down it. Intermittent dis- 
charge is almost certain to cause separation of materials in 
transit in the chute, and to result in concrete containing pockets 
of stone and pockets of sand-cement mortar. 


47. In starting a run of concrete by the spouting method, 
about 10 cubic feet of water is first run into the hoisting 
bucket. The bucket is then hoisted, emptied into the spout, 
and as quickly as possible returned to receive the first charge 
of concrete, which in the meantime has been run through the 
mixer. The first charge of concrete should follow the water 
so closely that the spout has no time to become dry. A man 
should be stationed at the hopper on the tower to regulate the 
flow of concrete in the spout by means of the gate on the hop- 
per. The stream should be as nearly continuous as possible, 
and the mixing should be timed accordingly. 

After a shut-down of over 10 minutes, the spouts should 
be flushed with water carried up in the hoisting bucket. At 
the end of the day’s run, the mixer, the bucket, the hopper, 
and the spout should all be well flushed. 


48. ‘Small auxiliary chutes can be used to increase the 
range of a spouting plant, but since the height of the tower 
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must be greater for a longer length of chute, it is usually 
economical to wheel the concrete to the corners of the structure 
rather than to place all of the concrete with the spout. It is 
then necessary to install a hopper at the end of the spout line, 
so that a delay in wheeling or placing will not affect the opera- 
tion of the mixer. It is a good plan, in any case, to have a 
hopper at the end of the spout line in order that the mix- 
ture may be properly assembled before going to the forms, 
since there is a tendency for the materials to separate in the 
spouts. Then a short spout can be used to convey the con- 
crete from the hopper to the forms. 

The spouting line causes a great additional 
strain on the hoist tower and, therefore, more guy 
cables should be used on a tower intended for 
spouting than on one for hoisting only. 


MISCELLANEOUS 'TOOLS 


49. Shovels.—In the handling of both aggre- 
gate and concrete, shovels find extensive use. A 
square-pointed shovel, Fig. 35, is used for shovel- 
ing sand and stone from the stock pile into the 
wheelbarrows transporting the aggregate to the 
mixer. The shoveling is greatly facilitated by 
having the broken stone stored on a wooden plat- 
form so that the shoveler can insert his shovel 
along a board at the foot of the pile; if no such 
platform is provided, dirt will find its way into 
the stone if it is shoveled from the foot of the pile, as it 
almost always is, because it is hard work to force a shovel 
into a pile of broken stone. If it is impossible to provide a 
floor for the stone pile, a forked spade, called a stone, or bal- 
last, fork, is to be preferred to a shovel. 

For mixing concrete by hand, a square-pointed shovel is 
used of a design similar to that shown in Fig. 35. /The opera- 
tion of mixing concrete by hand may be facilitated by using a 
heavy rake or a mortar hoe, Fig. 36, for mixing the cement 
and sand, both dry and after water is added. 
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Wet concrete is best loaded into carts or wheelbarrows by 
means of a scoop shovel, Fig. 37. The scoop shovel has a 


deep bowl that retains the concrete, much of the liquid being 
lost when square-pointed shovels are used for handling the 
concrete. 


50. Compacting Tools—For compacting concrete of 
quaky or wet consistency, spading tools of various kinds are 
used. The spade used for plain concrete, and for open places 
in general, resembles a garden spade flattened out. By ram- 
ming the concrete with the end of the spade, nearly all of the 
air voids can be removed. To get a smooth surface on the 
face of a wall, the workman runs the blade 
vertically down next to the form faces, then 
pulls the handle toward him, thus drawing the 
stone or gravel away from the face and per- 
mitting the mortar to flow in next to the form. 
To facilitate the flow of mortar to the face, a 
spade with holes in the blade is frequently used. 

For thoroughly working concrete around 
reinforcing metal, similar tools, but with 
smaller blades, like that shown in Fig. 38, aré 
used. The tool shown consists simply of a 
piece of sheet steel fastened to a round iron 
bar or a piece of gas pipe, and can be made by 
any blacksmith. ‘The smaller tool is necessary 
so that the concrete can be properly worked 
around the metal to insure a thorough bond 
with the reinforcement and also in order to 
prevent dislodging or displacing the reinforce- |; 
ment during the operation of spading. me ae 


51. For consolidating dry mixtures, rammers, or tampers, 
similar to those shown in Figs. 39 and 40 are used. The one 
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shown in Fig. 39 is suitable for tamping concrete in small or 
confined places. The one shown in Fig. 40 is commonly used 
for compacting such work as concrete or cement-mortar floors, 
pavements, and other flat surfaces. 
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So-called one-course floors are sometimes made by the use 
of a tamper like the one shown in Fig. 41. It consists of sev- 
eral plates separated by washers. Thus, the coarse aggregate 
is forced down but the mortar is permitted to come to the top, 
giving a smooth surface to the floor without applying a special 
finishing coat. The spacing between the plates can be changed 
by using fillers of a different thickness. 
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FORMS 


INTRODUCTION 


GENERAL REQUIREMENTS 


52. Purpose and Design.—In order that plastic concrete 
may have the desired shape when it hardens, it is supported 
in forms or molds, until it has set to a sufficient degree to be 
self-supporting without injury. On the correct design and 
construction of the forms depend the economy, safety, and 
good appearance of a concrete structure. Various methods 
of form construction are in use, each of which has its advan- 
tages and disadvantages; the systems selected for description 
here are typical of methods generally acknowledged to be 
good practice. : 

To avoid delays during erection, the design of the forms 
should be planned before work is started, and the plans 
should include drawings of all necessary details. The posi- 
tion of the reinforcing rods is of especial importance in rein- 
forced-concrete work and should be clearly shown on the plans. 


53. Requirements of Economy.—The form work is gen- 
erally one of the chief items in the cost of concrete construc- 
tion. Material for forms—much of it first-class lumber—is 
relatively high in price, and the work of assembling and 
erecting forms usually requires the employment of a number 
of skilled carpenters, 

The greatest economy is therefore gained by constructing 
the forms so that they can be used over and over again in 
the structure, and by fastening the form work together with 
a minimum amount of nailing. Where their removal is 
anticipated, nails should be left protruding far enough for a 
good grip of a claw bar or hammer. If the forms are to be 
reused, wherever possible, wedges and clamps should be used 
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instead of nails, since they can be removed more easily and 
do not injure the timber. The removable sections of forms 
are made as large as can be conveniently handled, and they 
should be designed and constructed so that they can be trans- 
ported by a hoist or derrick without getting out of shape. 


54. Requirements of Safety—Some of the failures of 
reinforced-concrete construction can be traced directly to 
weakness in the forms due to faulty supporting work. for 
instance, a part of the form work may collapse and cause 
the failure of the floor below, which may not have developed 
its full strength. Another danger of insecure form work is 
that the forms for beams or girders may sag while the con- 
crete is setting and the bond between the steel and the con- 
crete may be considerably weakened; this will subsequently 
affect the safety of the structure. Before any concrete is 
placed, the form work should be carefully inspected to be 
sure that the supports are strong enough and are well braced. 


55. Requirements of Good Appearance.—The use of well- 
constructed forms results not only in economy and safety, but 
in good appearance of the work; the effect of poorly con- 
structed forms will be evident. For example, if the form 
work for a floor is so carelessly constructed that the ends of 
the upright supports, or props, rest on soft earth in such a 
manner as to allow the beams and girders to sag under the 
weight of the wet concrete, the concrete will harden with this 
sag in the beam and girder members, and the entire floor sys- 
tem will look as if it were greatly deflected. Or if the sides 
of the beam and girder forms are »braced insufficiently, 
they may warp and cause the members to be twisted, thus 
spoiling the appearance of the structure. Forms for any 
concrete structure should be tested frequently for line and 
level while the concrete is being placed. 


MATERIALS 
56. Sometimes forms are made at a mill and sent tu the 
job ready for erection in place, but on large jobs it is gener- 
ally necessary to establish a carpenter shop at the site of the 
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work, and the forms are constructed there from lumber pur- 
chased especially for the purpose. Steel forms are usually 
bought or rented from any of several large shops that 
specialize in their manufacture. 


5%. Timber Selection—The kind of timber to use in the 
construction of forms for concrete depends largely on the 
supply available in the locality of the job. It also depends 
on the number of times the same set of forms can be used 
in the structure. Ordinarily, however, even if the forms are 
not to be used repeatedly, good material should be used, so 
as to secure smooth, true concrete work. 

For the portion of the forms in contact with the concrete, 
a good grade of well-seasoned spruce, Norway pine, or South- 
ern pine is commonly used, because the grain is of sufficient 
closeness to prevent splintering. Hemlock cannot be suc- 
cessfully employed because its grain is too coarse and also 
because it is liable to split in nailing and to curl from the 
moisture in wet concrete. 

The lumber for forms should be free from loose knots and 
each board should be surfaced on four sides. To obtain 
tight joints, one edge or both edges of each board may be 
beveled back from the face, or else tongue-and-groove con- 
struction may be used. Tongued-and-grooved lumber should 
never be employed with the intention of taking it apart and 
putting it together again for use a second time, as the tongues 
get broken off, the grooves become filled with concrete, and 
the boards warp and cannot be put together again so as to 
make a satisfactory job. 

Posts for the support of form work are often cut from 
hemlock timber of the proper size; but many engineers claim 
that hemlock should never be used for this purpose, because 
of its lack of uniformity of strength and its tendency to split 
easily. Undoubtedly, other woods, such as pine, Douglas fir, 
spruce, and oak are preferable to hemlock, and of these 
spruce, where obtainable, is the most satisfactory material 
for posts. If hemlock must be used, care should be taken to 
select for the posts sound pieces with long, straight grain. 
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58. Metal for Forms.—Sheet metal is employed to some 
extent in the construction of forms. Both black sheet steel 
and galvanized iron are used, the galvanized iron being some- 
times preferred, as the concrete adheres more strongly to the 
black plate; the latter is also likely to rust and to stain the 
concrete. These objections to sheet steel can, however, be 
overcome by coating the metal for the forms, in the manner 
explained in the following article. 

Forms or molds of galvanized iron, or of wood lined with 
iron, usually of No. 27 gauge, are frequently used for the 
construction of architectural ornament or detail. For any 
construction where very smooth concrete is desired, the 
wooden forms may be covered with iron. Sheet-metal forms 
are admirably adapted for the construction of cylindrical col- 
umns, as the finished concrete will have a smooth surface 
practically impossible to obtain by using a column form built 
up of wooden staves. The manufacture of metal forms 
requires special machinery, and is therefore quite expensive. 
As a general rule, however, the forms may be leased by the 
contractors from the manufacturers. 


59. Coatings——Both wooden and metal forms are coated 
on the surfaces that come in contact with the concrete, in 
order that they may be detached more readily after the con- 
crete has hardened. Coating wooden forms serves also to 
prevent the marking of the grain of the wood on the finished 
concrete. 

Most petroleum-refining companies make for the purpose 
of coating forms a special oil, called form oil, which is sub- 
stantially crude petroleum, and this is probably as efficient 
and economical as any coating that can be used. It is not 
unusual to soap wooden forms, and in some cases tallow and 
bacon fat have been employed as coating. Fats make very 
good coating for metal forms, but are comparatively 
expensive. 

The tendency of concrete to adhere to the forms can be 
largely overcome by moistening them, but it will pay in the 
end to coat all material coming in contact with the concrete, 
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because the coating not only makes removal of the forms 
easier but also prevents the moisture from entering the wood 
and causing it to swell or warp. In hot, dry weather the 
lumber should be coated as soon as it arrives on the work so 
as to protect it from drying too fast and warping. It is 
practically impossible to get good forms with warped lumber. 


60. Ties and Separators.—In order that parts of the 
structure shall have the desired widths, the forms for the 
sides must be kept the proper distance apart. Spacers, or 
separators, to prevent the sides from coming together may 
consist of wooden blocks 
used as shown at e in Fig. 42, 
and should be placed where 
the form boards b are sup- 
ported by the uprights a. In 
order to avoid the difficulty 
of removing the separators, 
a block of the shape shown 
at f is frequently used, espe- 
cially where the concrete 
does not reach to the top of 
the forms. 

The side forms are kept © 
from spreading by means 
of ties. For light work, a 
common method is to loop a wire c, Fig. 42, over one upright a 
and then bring the ends through the forms and twist them 
around the other upright. The wire can be made taut by 
twisting with a stick d, the form b thus being brought firmly 
against the spacer e. 

Wire is liable to stretch during the placing of the concrete 
and, therefore, for heavy work, bolts are used instead of the 
wire ties. Since the bolts must be removed from the partly 
hardened concrete, they must be prevented from sticking to the 
concrete. Sometimes, the bolts are greased, or protected by 
sleeves of oiled paper or thin tin plate. The use of oil is 
objectionable because a good bond between the filling of the 


== (SSS 
ZAZ8| 


WSK 
UHHH 


SS 


SS 


Fic. 42 


44 FIELD METHODS IN 


hole and the other concrete is prevented. Often the separator 
consists of a precast concrete block with a hole in the center so 
that the bolt goes 
through it. The objec- 
tion to concrete 
spacers is that they 
usually show a differ- 
ent color from the rest 
of the work. 


61. Clamps and 
Holders.—There are 
many patented 
devices for holding the forms in place. One of these devices 
consists of bent iron plates, or clips, which fit over the edge 
of the form boards, as shown in Fig. 43. The clips are con- 
nected by wires or =: 
bolts, which pass 
through holes in the 
wings of the clips. By 
using different styles 
of clips, form work 
of various shapes can 
be joined. 

The device shown 
in Fig. 44 is called a 
tyscru. It consists of 
a continuous wire 
spiraled at each end 
and remains in the 
concrete. The spirals 
provide a good bond 
with the concrete, 
act as sockets for 
screws to hold the 
forms in place during construction, and after the removal of 
the forms, supply openings into which anchor bolts can be 
fitted for the attachment of various appliances. 


Fic. 43 


Sy 


CONCRETE CONSTRUCTION 45 


FORMS FOR FLOORS 


FLAT-SLAB FLOORS 


62. Arrangement of Parts.—The simplest types of floor 
forms are those used for flat-slab floors. As shown in Fig. 45, 
thin boards a, called lagging or sheathing, are supported on 
closely spaced joists b, which in turn rest on girders, or string- 
ers, c. The stringers are supported by posts d, which are braced 
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both ways by means of cross-braces e, which are also called 
X-braces. The lower ends of the posts rest on wooden wedges 
so that the forms can be raised or lowered by driving the 
wedges in or out. 

Sometimes the boards a are replaced by sheets of corrugated 
iron f, but due to the appearance of the ceiling thus produced, 
their use is permitted only in factories, barns, garages, and 
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similar buildings. Also, the joists b are often omitted and 
then the sheathing rests directly on the stringers. Since the 
unsupported length of the sheathing is much greater in this 
arrangement, the boards used must be thicker. 

eh Instead of using wedges under the posts, the 
posts themselves are sometimes made adjustable 
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by constructing them as shown in Fig. 46. The 
lower part a slides between the two pieces b and may 
be locked in any desired position by means of 
wedges c, pivoted on pins d; straps c are thus 
tightened and the lower strap is provided with a 
toothed casting f, which bites into the post a. In 
this type of post the short horizontal stick g is 
bolted between pieces 0 and carries the stringer h, 
which is held in place laterally by means of wedges 7. 
Thus, no nails are used, all parts are easily removed, 
and there is very little waste of material. 


3 


63. Sizes and Spacing of Members.—When 
the sheathing rests on joists, it is usually composed 
of l-inch boards. The joists are 2” X06” planks, 
spaced about 18 inches or 2 feet part, and the 
stringers are 3/7X8” in cross-section. The posts are 
almost always 4X4” and are spaced from 4 to 6 
feet apart in each direction. Where it is desirable 
to distribute the load from the posts over a larger 

Fic. 46 area, as when the posts rest on soft ground, 
planks 12 inches wide and 3 or 4 inches thick are used 
under the posts. If the joists are omtitted, the sheathing is 
usually 2 inches thick, and the stringers are 2”X12” planks, 
spaced about 4 feet apart. The posts are 4”X4”’ in section 
as before. 


BEAM-AND-GIRDER FLOORS 


64. Method of Construction—Forms for floors having 
beams and girders are often referred to as centering, although 
originally center and centering were used only to denote forms 
for arches. 
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In Fig. 47 is shown a perspective view of the partly con- 
structed’ form work for a floor system in which beams and 
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girders intersect at the columns and the intermediate beams 
are carried by the girders. The sheathing for the slab is made 
of g-inch dressed tongued-and-grooved or bevel-edged boards a 
well tied together at the ends and at intervals throughout the 
length by battens, which are shown dotted. The joists f are 
2” X06”, placed about 18 inches center to center, and rest on 
2” X06” ledger boards e, which are nailed to the battens d that 
_hold together the planking of the side forms of the beams. 
The joists also are spiked to these battens for additional secur- 
ity. Since the joists must be driven off the batten d, the 
sheathing a should not be nailed 
to the joists. 

The sides of the beam and 
girder forms can be made of 
t-inch material and the battens d 
are 2’’X4” pieces at intervals of 
about 18 inches. The bottom 
boards b, of 12-inch surfaced 
plank, fit between the side forms 
and rest on cross-pieces c, which 
are carried on 4” 4” studs sup- 
porting the entire form work. 


65. Typical details of the beam forms are shown in 
Fig. 48. The side forms are shown tapered, but it is probably 


48 FIELD METHODS IN 


more common to make them vertical. The corners of the 
beams and girders are chamfered by inserting wooden fillets. 
Also, a finish is given the intersection of the slab with the 
beams and girders by having the upper edge of the side forms 
chamfered. The simplest way to do this is to tack separate 
triangular pieces k on top of the beam and girder forms after 
the slab forms have been placed. Square corners are apt to 
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bind when the forms are removed, and this extra piece is of 
great advantage, because, if not nailed too securely, it will 
remain sticking to the concrete and can be taken out inde- 
pendently. 

The side forms can be kept from spreading by nailing them 
to the bottom boards or by inserting small wedges between the 
forms and the cleats that are nailed to the crosspieces c. The 
side forms can be removed more readily if a 2”X4” piece x 
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is placed between the bottom board and the crosspiece c and 
wedges y are used under the side forms. When these wedges 
are driven out, the side forms drop and are freed from the 
concrete without binding between the slab and the crosspieces c. 
At intermediate points 1’X3” strips extend under the bottom 
boards and are nailed to the battens d, Fig. 47, The column 
forms will be discussed later. 


66. The forms for the so-called trough system of rein- 
forced-concrete construction are arranged so as to be inter- 
changeable, as illustrated in Fig. 49. In view (a) the planks a 
and b as well as the trough sides are interchangeable. The 
upper plank 6 is held in place by the battens c on the trough 
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sides. The bottom boards rest on stringers d supported by 
4” <4” studding. 

When it is desired to space the beams farther apart than 
shown in Fig. 49 (a), the forms are constructed as shown 
in (6). The slab connecting the concrete-beam sections is 
poured upon form work made of {-inch dressed tongued-and- 
grooved material nailed together so as to cover the distance 
between the sides g of the beam, or trough, forms. Ordinarily 
this distance is not sufficiently great to require any support 
between the beam forms, as the flooring, which is reinforced 
by the battens h, will carry the load of the wet concrete to the 
sides g. A continuous strip e and wedges f serve to hold the 


sides g rigidly in place. 
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67%. Collapsible Beam and Floor Forms.—Several 
attempts have been made to arrange the forms for a reinforced- 
concrete floor system so that they will partly collapse and thus 
be easy to take down or away from the concrete as soon as it 
has properly set. One type of collapsible form is shown in 
Fig. 50. In this construction, the side forms for the beams are 
embodied with the slab centering by the construction of a col- 
lapsible box, which furnishes a form that is the exact shape of 
the space between two adjacent beams. ‘The vertical sides a of 
the box make the side forms for the beams, and the horizontal 
part b supplies the centering for the slab. Each box is hinged 
in the middle, as at c, and when in place rests on stringers d 
supported by studs g. The form is prevented from collapsing 
by the bottom planks e of the beam forms and by a strut f 
wedged between the inner sides. 

In order to take down the forms, the wedges at the bottom 
of the upright supports g are removed and those at the ends 
of the pieces f are driven out. The struts are then removed, 
and the form is allowed to double up on the hinges c and thus 
release itself from the concrete. The planks beneath the soffits 
of the beams and girders can be retained in position by means 
of posts h. 


FORMS FOR HOLLOW-TILE CONSTRUCTION 


68. In Fig. 51 is shown a type of form that has been suc- 
cessfully used in conjunction with the composite system of 
construction known as the reinforced hollow-tile floor con- 
struction. The side and bottom forms of the main girders 
are built of material dressed to 1% inches and are supported on 
3” X4” posts carrying cap pieces a. The girder forms are held 
from spreading at the bottom by cleats spiked to the cap pieces 
and by wedges b. 

Instead of the usual battened plank or flooring construction 
necessary for the formation of a concrete slab, 2” 8” planks c 
are used. These planks, instead of being placed close together, 
are laid 8 inches from edge to edge, the tile spanning the open 
space and the planks forming the bottom of the form for the 
concrete that is to be placed between the tile. The planks c 
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are supported at each end by a ledger board d nailed to the side 
of the girder form, and are held intermediately by bents. 
These bents consist of 3”X4” uprights braced with 2”8” 
pieces ; across the tops of the uprights is a 2”8” plank e that 
supports 2”X8” joists, on which rest the planks c. The con- 
crete usually extends a short distance on each side of the girder 


Fie, 51 


before the tile begins. For this condition, a short board is 
inserted next to the girder between the planks c. 

In this type of form construction, the material is econom- 
ically used, and, besides, it is nearly of one size. As will be 
observed, 2” X8” pieces predominate, and these, together with 
the 3”4” studs and the 13-inch stock used for the girder 
forms, make up most of the material required. 


DETAILS OF CONSTRUCTION 

69. Splicing of Uprights.—If, in building up forms, the 
upright studs are not long enough, they are sometimes spliced, 
as shown in Fig. 52. Although probably necessary in some 
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cases to secure economy, such practice is not recommended, 
because a good square bearing where the two pieces of the 
studding abut is difficult to obtain. The weight of wet con- 
crete is considerable, and if the ends of the studs bear only on 
an edge, there is a tendency for them to buckle, or give; there- 
fore, unless the splice pieces on the sides are long and securely 
nailed, such supports are an element of weakness and are liable 
to cause a serious collapse. Even though the spliced pieces do 
not entirely give way, damage may result ; for, while the centers, 
or posts, are bending, the concrete is moving and at the same 
time hardening. Reinforced concrete owes much of its 
strength to the bond between the concrete and the steel, and 
a perfect bond cannot be obtained if there is any 
disturbance or movement of the materials during 
the first few hours following the filling of the forms. 


70. Nailing two timbers side by side (some- 
times called doubling) to replace a single solid post 
¥} equal in dimensions to the combined timbers is 
another practice not to be permitted. Timbers so 
[tj doubled do not have the same strength as the 
equivalent solid piece. Experiments have proved 
that the two pieces do not act together as one 
piece, and that the use of a large number of nails 
cannot make them act together. If the load 
due to the combined weight of the concrete and of the form 
work is not so distributed that each piece carries exactly one- 
half, then one piece may be nearly at the breaking point before 
the other piece begins to help. 

If solid posts of the required dimensions cannot be obtained, 
the built-up posts that take their places should be made by 
spiking the component timbers edge-to-side, so that a cross- 
section of each post is T-shaped. The pieces should be fastened 
together with nails of at least 20-penny size spaced not over 
6 inches apart; otherwise the two pieces will not act properly 
as one, even though the load be evenly distributed between 
them. Built-up posts should never be used if solid posts of 
suitable dimensions can be obtained. 
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71. Construction Joints—As it is frequently impossible 
to fill the forms of an entire floor with concrete in a single 
operation or a single day, it is necessary to arrange stops, or 
dams, in the form work, so that the concrete of the successive 
operations will make proper junctions. 

The Joint Committee recommends that these construction 
joints, as they are called, should be placed at the center of the 
span of slabs, beams, and girders. Jt may seem strange that 
this method is considered better, because the weakest point in a 
beam or slab is usually at the center of the span. The fact 
is, however, that at any point apart from the center of the span 
the directions of the stresses are inclined, whereas the stresses 
at the center of the span are parallel with the direction of the 
beam. ‘Therefore, a plane of stoppage located at the center 
of the span is called 
upon merely to resist 
stresses acting squarely 
against it. These stresses 
are compressional at the 
top and tensional at the 
bottom and are easily 
taken by the concrete 
and the main reinforcing 
bars, respectively. At any other point the stresses act in a 
slanting direction and the concrete and steel are less favorably 
affected by the presence of the joint. 
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2. To Leave Small Holes in Concrete——When a small 
hole is to be left in a concrete floor or wall, a concrete block 
having a hole of the desired size cast in it is sometimes 
placed as shown in Fig. 53. The block is secured to the form a 
by means of a spike or nail driven through a small piece of tin 
or wood b that serves as a washer. ‘If a somewhat larger hole 
is desired, the entire block can be knocked out after the con- 
crete has hardened, if the block has been made with sufficient 
taper. 

For holes more than a few inches in diameter, metal sleeves, 
to be left in the concrete, are often used; or tapered wooden 
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cores are employed, if it is desired to withdraw the mold or 
core. For still larger openings, such as doors or windows, or 
for the passage of large pipe lines through a wall, regular 
forms are made. 


FORMS FOR COLUMNS 


COLLAPSIBLE COLUMN FORMS 


73. A collapsible column form consists fundamentally of 
sheathing or lagging, held together by battens and demountable 
frames, yokes, ties, clamps, collars, stays, or cleats. The side 
pressure due to plastic concrete is similar to that of a liquid 
and therefore the pressure against the column forms increases 
with the depth below the top of the concrete. Accordingly, 
the yokes are spaced closer together 
toward the bottom of the column, 


SQUARE AND RECTANGULAR COLUMNS 


74. Forms for square or rectangu- 
lar columns usually have four units of 
sheathing, one for each side, consisting 
of planking well battened together. To 
save labor, three of the units should be 
= @ lightly nailed together along the edges 
before they are set in place, the fourth 
unit being placed afterwards. 

At the base there should be provided 
“in the sheathing a loose hand-hole cap, 
or small removable panel, large enough 
to permit the adjustment of reinforce- 
ment bars and the removal of sawdust, 
shavings, chips, and other material that 
may have collected in the form previous to concreting. The 
removable cap should be tacked to the side of the form so 
that it will be handy when the time comes to put it in place. 

In the type of form shown in Fig. 54, the sheathing is made 
of l-inch to 2-inch dressed planking running vertically the entire 
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length of the column. ‘The sides are prevented from spreading 
by means of yokes, which consist of timbers a, usually 3 in. 
X4 in. with cleats b nailed on the ends, and which are inter- 
locked by wooden wedges. The timbers a are nailed to the 
sheathing when the units are made; thus they are prevented 
from moving vertically, and serve as battens also. 

For columns less than 8 feet high, the yokes are generally 
spaced uniformly about 2 feet apart. For higher columns the 
2-foot spacing is used for the first 8 feet from the top; then 
the spacing is decreased 2 inches for each additional yoke until 
the distance between yokes is 1 foot, and this spacing is con- 
tinued to the bottom of the column. 

The top of the column is shaped to receive the beam and 
girder forms, as shown in Fig. 54. Since the wood of the 


forms absorbs moisture from the concrete and swells, beam 
and girder forms increase in length. If they are tightly fitted 
between the column forms, they bind and it becomes difficult to 
remove them. This trouble is overcome to a great extent by 
nailing pieces c to the column form to make up the first few 
inches of the beam or girder form. ‘The main part of the beam 
or girder form can then be more easily removed because, once 
it is clear of the pieces c, there is plenty of room between the 
columns to take it away. To support the ends of the beam and 
girder forms on the column, 2” 4” strips d should be tacked on 
securely, yet in such a manner that they can be easily removed. 


%5. The yokes are frequently bolted together as shown in 
Fig. 55. ‘The pieces of the frame are nailed to the sheathing 
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and also serve as battens. The space between the bolt and the 
batten is blocked by wedges, which should be placed as close as 
possible to the ends of the bolts. The bolts are usually % inch 
in diameter and washers should be used under all nuts and bolt 
heads that bear against wood. Sometimes the short battens are 
omitted, as shown in Fig. 56. There are many other methods 
of constructing forms for rectangular columns, but since they 
are fundamentally similar to those just described, they will 
not be considered here. . 


CYLINDRICAL AND OCTAGONAL COLUMNS 


%6. Forms for Cylindrical Columns.—A wooden form for 
a cylindrical column is shown in cross-section in Fig. 57. The 
sheathing is usually made of narrow planks surfaced on four 
sides and beveled on two, which are 
assembled in two or four sectors by screw- 
ing the end planks of each section to clamps 
made of 3#’X24” soft-steel strap. The 
number of intermediate planks in a sector 
depends on the size of the form. A four- 
section form is preferable to one of two 
sections, especially for columns greater than 
20 inches in diameter, since the two-section forms are more 
difficult to remove. Sometimes, for heavier forms, the sheath- 
ing is bound at intervals by hoop-iron ties and the steel straps 
are rcplaced by built-up wooden frames held together by bolts. 


7%. Sheet-metal forms of the type shown in Fig. 58 are 
now used extensively for cylindrical columns. The thickness 
of steel plate used depends on the height of the column, but is 
usually between No. 14 and No. 10; that is, about 74 to 4 inch. 
The plate is usually rolled in quarter-round sections about 2 
feet long. Each section is reinforced on each edge with an 
ancle iron, which is slotted to receive the steel wedges and keys 
that hold the section together. The plates and joints are rein- 
forced by light ties running horizontally around the column. 
The forms can be made with flaring tops, as shown in Fig. 58. 
For round columns, steel molds have the advantage of giving 
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a smooth appearance, and they are set up and removed at lower 


cost than wooden molds. 


%8. Forms for Octagonal Columns.—A collapsible octag- 
onal-column form is easily constructed by the method shown 


—————— 


THAT 


Fic. 58 


in Fig. 59. The eight 
sides of the form are 
beveled so as to fit 
closely together and 
are squared and 
braced on the inside 
by wooden crosses 
that are removed as 
the concreting pro- 
gresses. On the out- 
side, the form is tied 
by annealed-iron wire 
first loosely wrapped 
2 or 3 times around 


sy 


g 


the form and then tightened by using as a lever a f-inch stick a@ 
which is afterwards tacked to the form to maintain the pull 


on the wire. 
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FORMS FOR WALLS 


LIGHT WALLS 


79. General Systems of Construction.—There are two 
general methods of form construction for light concrete wails, 
such as those of buildings. In one method, the forms are built 
in sections the entire height of the wall and poured full in one 
operation ; in the other, the forms are arranged so that the wall 
can be carried up in comparatively shallow horizontal courses, 
or layers. 

In the latter system, the forms are taken away as soon as 
the concrete of a course is hard enough and are moved toward 
the top of the wall, ready for the next course of fresh concrete. 
The outstanding advantages of this method over the first- 
named are two: (1) Less lumber is required; (2) the forms 
need not be so strongly braced, because they are not required 
to resist the pressure of such a great height of plastic concrete. 

Where there is a considerable amount of wall work to be 
done, the forms are not constructed for the entire job at once, 
but are made in sections or panels, and the same forms are used 
over and over again. \A piece of joiner work adapted to be 
used again without coming apart is called a unit panel, because 
it is removed from one position to another as an individual 
unit. Where the entire height of the wall is poured at one 
operation, the units are as high as the wall, but short in length. 
When the wall is cast in courses, the units are much lower but 
longer. There is no definite rule for the size of the unit except 
that each unit should be as large as can be handled easily with 
the means available. 


80. Two-Course Method of Handling Forms.—Forms for 
light walls have been built in many different ways, but the 
so-called two-course method of handling the forms in building 
concrete walls has been found especially useful. ‘This method 
requires two sets of unit panels, one set being placed above the 
other. For the first, or lowest, course of concrete, both sets 
are filled together. When the concrete has hardened sufficiently, 


CONCRETE ‘CONSTRUCTION Sy) 


the bottom course of forms is removed and placed at the top 
and concrete is again poured for one course. ‘The courses of 
panels are then raised and filled alternately until the wall is 
built to its full height. ‘This is probably the cheapest system of 
handling for light walls. 


81. High walls are carried up in stages of 5 or 6 feet by 
using sections made up of three or more planks battened 
together, as illustrated in Fig. 60, where a side elevation is 
shown in (a), a plan in (b), and a vertical cross-section in (c). 
The units a are held in position with wooden or iron guides b 
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and tie-bolts d. The guides b are eacn constructed of two 
2” X6” pieces, separated at the lower end by a 14-inch block k, 
and at the top by a well-nailed 13’ <6” plank c, which also ties 
together two opposite guides. ‘The tie-bolts d can be placed in 
any convenient positions along the guides. 

After the concrete has hardened in the first course, the bolts 
are removed and the forms are raised to the position shown in 
Fig. 60 (c); the bottom bolts rest on the finished concrete and 
a part of the form extends down over the finished wall. ‘The 
forms are thus held securely in a position plumb over the con- 
crete already in place. Instead of wooden guides, pairs of 
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steel channels, placed back to back and separated by filler 
pieces, are sometimes used. Such guides are much stiffer than 
wooden guides and prevent the wall from bulging. 


82. The thickness of sheathing for wall forms varies from 
% inch to 2 inches, depending on conditions. Thin planks 
reduce the weight of the forms and, if well braced, are strong 
enough for the average building wall; but thick planks, which 
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are more durable and hold their shape better, should be 
employed for forms that are to be used a number of. times, 
especially if they are to be handled by derricks. In laying out 
forms for any structure the sizes and spacings must be deter- 
mined with special reference to the pressure exerted by the 
semiliquid concrete to be placed in the form. ‘This pressure 
increases in direct ratio with the height of the form. It is 
also greatly influenced by the speed of depositing the concrete, 
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because if the forms are filled slowly the concrete in the bot- 
tom will stiffen perceptibly before the concreting reaches the 
top of the form, and thereby the pressure against the sides 
near the bottom of the mold is decreased ; whereas, if the forms 
are filled continuously and quickly, the full pressure of the 
concrete will have to be taken care of by the forms. For aver- 
age construction, 1}-inch sheathing on uprights spaced 3 or 4 
feet center to center is quite common practice. 


83. Another method of form construction is shown in 
Fig. 61. The lagging is nailed to uprights a, and crosswise 
bracing is obtained by four stringers b, each made up of two 
3”X4” sticks placed side by side. The lagging in a section is 
about 5 feet high. 

The first 3 feet of wall is erected with temporary forms, 
and pipe spacers ¢ are cast in the concrete of this course, about 
6 inches from the top. As soon as the concrete is hard enough, 
the temporary forms are removed. Guide boards d, having 
the same thickness as the lagging and guide blocks e are 
secured to the concrete by means of sleeve nuts, which are 
pipes threaded on the inside, screwed onto bolts threaded at 
both ends and passing through the spacers c. The forms are 
set in place and are fastened by bolts f, screwed into the sleeve 
nuts. A similar arrangement of spacers, bolts, guide pieces, 
and sleeve nuts is put at the top of the forms, as shown in 
Fig. 61 (b). The forms are then lined up by adjusting bolts f 
and wedges g at the lower ends of the uprights. 

When the concrete of the new layer is sufficiently hara, the 
bolts f are removed. The forms are then lifted and secured to 
the upper guides of the preceding position. What were pre- 
viously the lower guides are now used to line up the top of the 
forms in the same manner as for the lower course. If at a 
higher course the wall is to be changed to a thinner section, 
the lower part of each upright a is cut back as indicated by the 
dotted line i in (a) and shorter spacers and bolts are used. 
The system shown in Fig. 61 is better for most work than that 
of Fig. 60, because it is more rigid and can be erected more 


rapidly. 
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84. Blaw Steel Forms.—Typical sectional steel construc- 
tion of wall forms is illustrated in Fig. 62, which shows the 
appearance of Blaw forms for light walls. The unit section 
consists of a 2’X2’ steel plate reinforced along the edges and 
across the middle by angle irons riveted to the back. The 
sections are fastened together by special keys or by bolts. The 
keys are used in pairs, one key being passed through a hole in 
the angle and the other being driven as a wedge in a slot in 
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the first key, to insure tight joints between the panels. Bolts 
give more secure construction than keys, but require more 
time to assemble and dismantle the forms. ‘The holes, or key- 
ways, in the angle irons are so placed that those in adjacent 
panels will line up regardless of which side of a plate is placed 
uppermost. 

Angle-iron liners a, attached by means of keys, keep the 
sections in line and make it possible to shift the forms in the 
two-course method without disconnecting the units of each 
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course. In shifting, the liners are left attached to the sections, 
so that a unit 2 feet high and 8 to 14 feet long, the length 

tap depending on conditions, is 
raised in one operation. In 
order to facilitate shifting, 
only enough keys to keep 
the units in place are used 
in the joints between hori- 
zontal edges. Spacing and 
tying is accomplished in 
much the same manner as 
with wooden forms. Fre- 
quently, special tapered 
iron spacers d are used. 
The angle iron at one edge 
of each unit is offset to 
permit the passage of a 
spacer and the angle is 
slotted at each offset so 
that the spacer can be keyed 
to the form. Wire ties 
also can be used. 
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85. Advantages of Sectional Steel 
Forms.—Sectional steel forms, of the 
type just described and similar forms. 
are suited to all kinds of wall and par- 
tition work and are well adapted to the 
two-course method of construction. 
They are very economical where the 
forms can be used a number of times, 
for their durability permits a long 
term of service. Where a consider- 
able quantity of wall building is to be 
done, steel forms effect a saving 
both in the cost of material and in 
the amount of skilled labor required to set them. They elimi- 
nate practically all waste of material, and the work involved in 
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handling them on ordinary walls is, on the average, about half 
that of wooden forms. And, as they are set up and shifted 
more rapidly than wooden forms, a smaller outfit of steel 
forms is required for a given job. Moreover, the steel forms 
do not shrink, warp, crack, or wear out like wooden forms. 


86. Forms for One-Course Walls.—Typical forms for a 
wall, in which the concrete is to be placed continuously to the 
full height, are shown in Fig. 63. The sheathing, preferably 
cut in lengths equal to the full height of the wall, is nailed to 
4”X6” timbers a, spaced closer together toward the bottom 
because of the increase in pressure due to the greater depth of 
concrete. \ 

Each upright consists of two 2’”*6” pieces b, kept 1 inch 
apart by means of spacing blocks 1 inch thick to which the 
pieces are nailed. Rods or bolts c, $ inch in diameter, passed 
through opposite uprights, hold the forms from spreading. 
The rods are threaded at each end and steel-plate washers are 
used under the nuts. At the top, the uprights are held the 
proper distance apart by a stay piece d consisting of a 1” 6” 
board of the proper length fitted with cleats and tightened by 
means of wedges. Lower down, the forms can be held apart 
by pipe spacers, or wooden or concrete blocks, as previously 
described. ‘The forms as a whole are shored in place in the 
manner to be described for light retaining walls. 


RETAINING WALLS 


8%. Forms for Light Walls—The form system shown 
in cross-section in Fig. 64 is designed for a light retaining wall 
of the cantilever type. The sheathing is nailed to 2’X6” 
uprights a about 2 feet apart. Horizontal stringers b, called 
wales, hold the studs, and the forms as a whole are supported 
by shores c and d. 

Shores c may be fastened to any convenient support, but 
they should never be spiked to the sides of stakes or to the 
sides of studding. The upper ends should rest under the 
wales and against the studs, like the two long shores c, or be 
mitered or notched to fit the wales, like shores d. 
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In the system here described, the wall forms are not erected 
until the footing is complete. ‘While the footing is being laid 
the embankment is supported by shores in the positions indicated 
by lines e. When the concrete of the footing is sufficiently 
hard, these shores are replaced by shores f. Indentations to 
receive the butts of the shores f are made in the footing while 
the concrete is soft. As soon as the concrete is hard enough, 
the studding is erected complete and shored in place. The 
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sheathing is put in place as the concrete is carried up. Concrete 
lugs, or humps, g about 2 inches high are made at the time the 
footing is cast, to act as spreaders for the bottom of the wall 
forms. At the top, the forms are held the proper distance apart 
by stay laths h spaced about every 4 feet. Wedges 1 between 
the longer of the shores f and one of the wales help to keep the 
form for the rear face of the wall in position at the bottom. 


88. A system of erecting light reinforced-concrete retain- 
ing walls with counterforts is illustrated in Fig. 65; in (a) is 
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shown a section through the counterfort form with some of 
the boards removed and in (0) an elevation of the rear of the 
wall. Some of the less important details are omitted; some of 
the waling, some of the shoring, and the stay laths, for instance, 
would be constructed as previously explained. The forms for 
the front face of the wall are first put up complete, as shown. 
Templets a, fastened to the sheathing, hold in place the vertical 
reinforcement bars } near the front of the wall, and a wooden 
bracket c at every counterfort supports the inclined bars d. 
The shorter of the inclined bars are fastened to the longer ones 
by means of metal clamps e. Vertical steel spacers f, 8 feet 
apart, are fastened to small wooden blocks g and support the 


horizontal bars h. ‘The horizontal bars i in the footing are 
spaced and partly supported by slotted 2”X4” or 2”X6” 
pieces 7. Intermediate support is obtained by concrete 
blocks k. ‘The spacers 7 are removed when the concrete is 
brought to the dotted line m. The inclined bars d and e are 
wired to the horizontal bars 7 in the footing. After the con- 
crete in the footing has reached the level shown in Fig. 65 (a), 
the forms for the rear face of the wall are set up and the 
lower templet a for the vertical bars is removed. 

The shores n for supporting the embankment pass through 
the forms and remain in place until the wall is completed. 
They are then removed. Since it is almost impossible to force 
a long stick out of the concrete, the concrete is not permitted 
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to come in contact with the shores u, but boxes of thin sheet- 
ing are built about the shores to keep the concrete away. ‘The 
shores are thus easily withdrawn, the boxes are broken apart 
and removed, and the ducts or openings where the shores 
passed through the wall are plugged with concrete. 


89. Wooden Forms for Large Walls.—For large walls 
wooden forms are made in sections as large as can be handled 
conveniently. The lagging boards should be surfaced on all 
four sides, and should be not less than 2 inches in thickness 
after surfacing. The timbers used in bracing vary in size 
according to the dimensions of the wall and of the form sec- 
tion. ‘The lagging of a section about 40 feet long by 20 to 
40 feet high would be nailed to 4” X6” studs placed 2 to 3 feet 
center to center, and the wales would be 8’ X10” solid timbers 
placed on _ 5-foot 
centers. The bulk- 
heads, or forms for 
the ends of a section 
of wall, generally need 
not be quite so rigidly : 
constructed as the side 
forms ; a greater spac- Fie. 66 
ing is therefore used between the studs and between the wales of 
the bulkhead ; the studs are often placed on 4-foot centers and 
the wales on 6-foot centers. 

‘One-inch tie-rods pass through holes bored in the wales on 
the side forms at intersections of studs and wales. When con- 
crete is placed from a bucket, these rods must be far enough 
apart to give the hoist runner sufficient clearance for lowering 
the bucket. If a bucket hits a tie-rod with much force, the 
forms are likely to be thrown out of plumb. 

The forms are prevented from moving at the bottom by 
blocking placed between the forms and heavy stakes driven 
into the ground. Where, as in Fig. 66, the wall a is built on a 
concrete foundation or floor b extending some distance beyond 
the face of the wall, as in a dry dock or a lock, there can be 
cast at proper intervals in the floor heavy anchor bolts ¢ to 
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which a heavy sill piece d can be secured. The sill piece then 
serves for holding the bottoms of the forms f by means of 
blocking e. 


90. Steel Forms for Heavy Walls.—For the construction 
of heavy walls, steel forms are usually composed of rectangu- 
lar units, a common size being 1’ 5’. Each unit consists of a 
steel plate, between 4 inch and { inch in thickness, with 2”*2” 
or 3”X3” angle irons riveted to the four edges. The angle 
irons are provided with holes so that the units can be bolted 
together to form larger sections. By placing the long dimen- 
sion either horizontally or vertically sections can be built to 
within 1 foot of any desired dimension. Thus, a section 
20'X 20’ is made of 4 rows of 5-foot long units with 20 units in 
each row. If the section is to be 20 feet 6 inches wide, a 
wooden board is used to make up the additional 6 inches. 

Correct alinement of the units is obtained by means of ver- 
tical braces fastened to the angle irons and spaced about 5 feet 
apart. To hold the front and back forms the proper distance 
apart, bolts are used with washers bearing against wooden 
stringers. Each stringer consists of two 3’X8” timbers sepa- 
rated by 1l-inch blocks to permit the bolts to pass through. 
The stringers are usually about 5 feet apart and the bolts are 
inserted every 5 feet. Usually the 1/5’ panels are placed 
with the long dimension horizontal, but where it is desired to 
build curved walls the panels are placed with the long dimen- 
sion vertical. ‘Used in this manner the panel contains a ver- 
tical joint every 12 inches, so that by making a slight change 
in direction at each of these joints, a considerable change in 
direction is obtained in several units. Sufficient flexibility is 
thus obtained to permit of building a wall having the appear- 
ance of being curved, but consisting in reality of a number of 
straight portions each 12 inches wide. 


91. Traveling Forms.—In constructing walls of consid- 
erable length, the most economical method of handling the 
forms is by means of travelers made of wood or steel and 
arranged to carry the forms from section to section of the 
wall. The traveler either spans the wall, as shown in Fig. 67, 
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running on a rail on each side of the wall, or is of the cantilever 
type, where the rails are on one side of the wall and the over- 
hanging part of the traveler reaches beyond the wall to handle 
the forms on the far side. The forms are hung from the cap 
pieces of the traveler frame so as to be adjustable for height, 
and are secured to the uprights by rods containing turnbuckles 
that permit of sidewise adjustment. In Fig. 67 the forms are 
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shown pulled away from the concrete, ready for moving. If 
the traveler is to be used on a wall of varying height, it is built 
high enough to accommodate the forms for the highest section. 
The forms can be made detachable from the traveler, so that 
one traveler can handle a number of sets of forms. The 
wooden bin shown on top of the traveler in Fig. 67 was used 
to receive concrete delivered through a pipe by compressed air. 
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From the bin, the concrete was delivered to the forms through 
spouts. 


92. Steel forms for high walls have a greater first cost, 
but are cheaper to erect than wooden forms, on jobs where 
there is room and equipment for handling them efficiently. In 
moving steel forms from one set-up to the next, they should 
be handled in as large sections as the equipment at hand will 
permit. In general, heavy steel forms should not be used 
unless every detail regarding their erection and handling has 
been studied beforehand. 

It will usually be found cheaper to use steel forms rather 
than wooden forms where the same detail is repeated a great 
many times; but if the construction features are not uniform, 
wooden forms are cheaper than steel forms. Whether steel or 
wood be used, economy of construction depends largely on the 
repeated use of the forms, which should, therefore, be made 
sufficiently heavy to withstand, not only the pressure of the 
concrete, but also the inevitable abuse incidental to reuse. 


FORMS FOR CONDUITS, CULVERTS, AND 
SEWERS 


93. Wooden Centering for Large Conduit.—Typical 
wooden centering for the inside of a concrete conduit or sewer 
of large size is shown in Fig. 68. It consists of sections a, b, 
c, and d, made of 2-inch or 3-inch plank sawed to shape, with 
l-inch lagging e. The several sections are held in their relative 
positions and braced by means of 2” 8” cross-braces f and g, 
the top brace g supporting the top section d of the form. This 
top section acts as a key for the entire form construction, and 
as its ends are beveled, as shown at h, it can be readily removed 
together with the brace g, and the entire form work can be 
taken down, or collapsed, and used in a new position. 


94. Wooden Forms for Circular-Arch Culvert—Center- 
ing for a circular-arch culvert is shown in cross-section in 
Fig. 69. The outer surface of the arch proper requires forms 
reaching one-half to three-fourths the distance to the top, as 
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at f. The 1-inch lagging is nailed to a frame of 2”X4” tim- 
bers as shown. The pointed uprights are driven into the 
ground, and at top they are braced either against the ground 
or by wooden ties across the top of the culvert. 

The straight lower portions of the inside of the culvert are 
formed by l-inch lagging running horizontally and nailed to 
2’X6” or 3’X6” uprights m. These uprights rest on 6” X6” 
sills and carry on their tops other 6”X6” sills with beveled 
surfaces as shown. After the upper sills are braced by 
1”X6” boards a, the circular ribs or frames b, c, d, e are set on 
wedges resting on the upper sills, and are held by bracing 
while the lagging is nailed to them. ‘The frames are of 14-inch 
material and the lag- 
ging should be of 
1-inch or 2-inch mate- 
rial not over 3 inches 
wide, in order to fit 
the circle. The spac- 
ing of the frames 
should be 2 feet for 
l-inch lagging and 3 
or 4 feet for 2-inch 
lagging. 


95. Steel Center- 
ing for Small Con- 
duits.—In Fig. 70 is 
shown a type of steel centering for small conduits. It consists 
of two sheet-steel sections, or halves, a and b, stiffened by 
angle irons along the edges. The angles c on the upper sec- 
tion extend beyond the edges of the sheets so that a lap joint 
is formed between the sections. The steel-rod braces are pro- 
vided with turnbuckles to expand the sections when they are 
set in position and to contract them when they are to be 
removed. The upper sections must be taken down first 


96. Steel Forms for Large Conduits—The usual pro- 
cedure in concrete-sewer construction is to cast a convenient 
length of invert (lower part) before the arch (upper part) is 
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begun. ‘The invert is cast in alternate sections ; in other words, 
between the portions first cast are left spaces equal in length to 
the portions poured. ‘The intermediate spaces are filled after 
the first sections have hardened to a sufficient degree. The 
same general system is afterwards followed for the arch. 
Steel bulkheads for the invert are shown in Fig. 71. They 
consist of plates a and b reinforced along the edges by angles 
and channels c, and are placed to proper line and grade about 
10 feet apart. Some of the space between them is covered by 
plates to form the curved part of the invert. ‘The angles e and 
f are part of the stiffening of these plates. The height of the 
sides is regulated by means of wooden blocks d which can be 
placed as shown to give the desired elevation. No cover-plates 
are necessary for the middle part of the invert, which is prac- 
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tically horizontal and is cast separately, as it can be snaped to 
the slight curvature required by means of a float such as is 
used by plasterers. The sections, or plates, of the forms are 
bolted or keyed together so as to make removal easy. The 
cover-plates with their stiffeners e and f can be used without 
bulkheads when the intermediate sections are poured. 


9%. The arch forms are set up as soon as sufficient invert 
has been constructed to permit the arch work to be handled 
in a systematic and economical manner. In Fig. 72 only the 
inner form-of the arch is shown, the outside line of the con- 
creting being indicated by the single dotted line. The forms 
for the inner surface of the arch are made up of. two steel 
plates a stiffened at their edges with angles and joined at the 
center of the arch by means of bolts through legs g of angle 
irons riveted to the plates. 
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The steel-plate forms, as shown in Fig. 72, are wheeled into 
place on a steel-frame carriage running on a track previously 
laid in the invert. While the forms are being moved, they 
have the position indicated by the dotted lines. When in the 
proper location they are adjusted to position by means of 
turnbuckles b, the jack c, and wedges d placed 2 feet 6 inches 
center to center under the 2”X4” 5 timbers e. When prop- 
erly adjusted the forms are secured in place by wires h con- 


nected to eyebolts f previously cast in the invert. As soon as 
the forms are secured in place, the jack can be lowered, the 
turnbuckles disconnected, and the carriage used to move 
another section. To remove a section of forms, it is only 
necessary to run the carriage into place, connect the turn- 
buckles, remove the wedges from the forms, cut the wires, 
and lower the plates into the position shown by the dotted 
lines, Fig. 72. The centering can then be moved ahead with- 
out interfering with forms already in position. 
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FORMS FOR BRIDGES 

98. Wooden Centering.—The general design for the con- 
struction of the wooden centering and false work for rein- 
forced-concrete arch bridges is illustrated in Fig. 73. The 
amount of labor and material necessary in the erection is evi- 
dent from the illustration; for any but small jobs, wooden cen- 
tering cannot compare with steel centering in simplicity and 
economy. In the construction of false work for an arch, a 
slight additional height, called camber, must be given to the 


arch, as some settlement will occur in both the timber work 
and the concrete arch ring. Specifications usually require that 
the camber shall be g$o of the span. 


99. Size of Timbers.—The size of the false work and 
timbers for the construction of the centering for reinforced- 
concrete bridges must be carefully figured for the stresses to 
which they will be subjected. ‘Generally, the uprights of the 
bents are 12”*12”, 10’X10%, or 8’ X10” timbers, and are 
securely cross-braced by 2”’X8’, 2”X10", 3”X10”, or 
4”X6” pieces. The form of the lower surface, or soffit, of the 
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arch is obtained by using planks 2 or 3 inches in thickness, 
sawed to the required radius and nailed together. The lag- 
ging for the centering of concrete bridges usually consists of 
14- or 2-inch dressed plank laid with straight beveled joints. 
The planks must be well driven up at the joints and securely 
spiked. Sometimes, rough planking is used, in which case a 
smooth surface is obtained by plastering the top of the plank- 
ing with clay or cement and covering this with canvas or 
paper to prevent the lagging from adhering to the concrete. 
In nearly all instances, the lagging is soaped or oiled to facili- 
tate its removal. 


100. Methods of Dropping Centering.—In the design 
of centering for reinforced-concrete arches, some means of 
dropping the centering uniformly and gradually must be pro- 
vided. Probably the best method is to use under the main 
uprights, or under the false work supporting the lagging, 
heavy, hardwood wedges. The centering is allowed to settle 
by knocking out these wedges. 

In another method, a sand box is used; this consists of a 
tight metal box with a small aperture that can be closed with 
a screw plug or in some other way. ‘The box is filled with sand 
to support a plunger upon which the uprights stand. ‘To drop 
the centering, the aperture is opened and the sand is allowed 
to run out gradually. Sometimes, the centering is supported 
on screw jacks. 


101. Steel Centering—An example of the construction 
of arch rings by means of steel centering is shown in Fig. 74, 
which illustrates the method used. on the Delaware, Lacka- 
wanna and Western Railroad Company’s famous viaduct over 
Tunkhannock Creek at Nicholson, Pa. This viaduct com- 
prises a number of arch spans, three of which are shown in 
process of construction, while the short end span to the right 
has been entirely completed. As indicated in the illustration, 
the centerings for the concrete arches are structural steel 
arches, each composed of four substantial ribs side by side. 
Each steel arch is divided at the top by means of a joint, and 
there is a hinge at each end, where the foot of the arch rests 
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upon a projecting course of the concrete pier. ‘The arches 
were constructed in two parallel rings, and the centering was so 
supported that it could be moved sidewise. Then, after one 
ring of an arch was completed, the same centering was moved 
into position for the parallel ring. At a is shown one com- 
pleted arch ring; the centering b that was used for its con- 
struction has been shifted sidewise to be used in the construc- 
tion of the ring alongside of a. At c is shown a completed 
arch ring of another span; its centering d has been shifted side- 
wise and the lagging / has been placed on this centering pre- 
paratory to the erection of the side forms for the arch ring. 
At e is indicated the centering for a third arch ring with its 
lagging f in place. The lower portion or so-called umbrella 
of the twin arch ring in this span is shown at g, but the 
remainder of this arch has not been built, the purpose being to 
shift the centering e sidewise upon completion of the ring for 
which it is now in place. 


102. An elevation of one of the halves of a typical rib of 
a steel centering is shown in Fig. 75. The curved upper mem- 
ber of the rib consists of plates p and angles 0. The concrete 
is molded against 4” 4” lagging m secured in place by nailing 
it to 2”X10” planks n bolted to the angles 0. ‘To support the 
centering, a bent composed of posts a and a 12”X12” cap 
piece b is constructed on one of the steps of the pier. A 
6’”X12” timber c is securely bolted to the four ribs and the 
centering is brought to the proper height by inserting wedges 
between this timber and the capping b. As the concreting is 
begun at the foot of the arch, the centering must be braced 
against the sidewise pressure of wet concrete by means of 
timbers e. When the foot of the arch is so far above the 
ground that the use of such bracing is impractical, tie-rods 
may be anchored in the pier during construction and the tim- 
bers c secured to them. Either the tie-rods or the braces e act 
against blocking f. 

When the centering is ready for removal, the small braces g 
and h are taken out, which lets the lowest section swing in on 
pins at 7, clear of the offsets on the pier cap. Jacks are then 
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placed between timbers b and c and tightened until enough 
weight is removed from wedges d so that they can be replaced 
by rollers. The form is then let down on the rollers and 


moved to its new position, where the rollers are replaced by 
the wedges and the pieces g and h are returned to the posi- 
tions shown in the illustration. 


HANDLING OF REINFORCEMENT 


103. Placing of Reinforcement.—When the steel rein- 
forcing bars for a structure are designed, it is assumed that 
they will have a certain definite position in the forms. eis 
therefore important that steel bars of the proper size and 
shape should be placed in their correct positions and that they 
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should be securely held in place while the concrete is deposited 
around them. 


104. Storing Steel—Steel reinforcing rods should be 
assorted as soon as they are received on the job. They should 
be supported on frames or blocks several inches above the 
ground and should be so arranged that those rods which are 
to be used first can be easily reached. A covering for the 
steel is not necessary. 


105. Bending Steel—On the entire job there are many 
thousands of bends of rods and therefore the time and expense 
of making each bend are important factors. Rods up to 14 
inches should always 
, be bent cold. If lar- 
ger sizes are required, 
they may be heated to 
a, chetgy..ted.w b tt 
greater heat should 
not be permitted 
under any circum- 
stances. Except for 
the rods for slabs, 
which may be_ bent 
when in place on the 
floor, all steel is bent 
before it is placed in 
the forms. 

_ The smaller bars are easily bent in any simple arrangement, 
such as a hole in a post or a gas-pipe T screwed onto a 5-foot 
or 6-foot length of straight pipe. For bending large bars, a 
machine like that illustrated in Fig. 76 should be used. This 
machine has a ratchet lever a that operates a pinion against 
a toothed segment, or rack, b on the frame. The leverage so 
obtained is so great that one man can bend a cold bar 14 inches 
thick. When bending light material, the rachet is disengaged 
and the machine is operated as a simple lever, in which man- 
ner it can be worked more rapidly. The dies that hold the 
bars can be easily adjusted by means of setscrews to suit the 
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size of stock to be bent. The bending mechanism is arranged 
for vertical mounting, as in Fig. 76, or for horizontal mount- 
ing on a pedestal. 

On many jobs the steel bars are received already cut to exact 
lengths, but in the majority of cases there will be more or less 
cutting of bars required on the job. For this reason there 
should always be a good bar cutter available. Bar cutters may 
be obtained in several different styles, some of which are 
operated by hand and others by power. 


106. Supporting Steel in Forms.—The steel rods for 
beams, girders, columns, and walls are best placed in the 
‘forms in frames; that is, all the rods for a member are tied 
together by means of smaller spacing rods and wire so that 
they are in their correct relative positions, and then'the entire 
frame is handled as a unit. In this way, it is only necessary 
to block up and brace a few of the rods at the required dis- 
tance from the forms and the others are necessarily correctly 
placed. This bracing can be done with small precast concrete 
blocks of the proper thickness, or by means of special chairs 
of concrete or steel plate. Sometimes, it may be convenient 
to handle the slab reinforcement also in assembled units. Par- 
ticular attention should be given to loose rods to see that they 
are accurately and securely placed. Rods should be wired 
together wherever they lap and intersecting rods should also be 
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STONE AND BRICK MASONRY 
STONE MASONRY 


CLASSIFICATIONS OF MASONRY 


1. Divisions of Masonry.— Masonry is divided into 
four classes according to the materials composing it; namely, 
stone masonry, brick masonry, concrete masonry, and mixed 
masonry. The last of these names is applied to masonry 
composed of stone and brick. These classes are again sub- 
divided into several others, according to the character of 
construction and workmanship employed. 


2. Subdivisions of Stone Masonry.—Stone masonry 
is subdivided into three principal classes, according to the 
manner in which the stone is prepared. The first class, 
called rubble masonry, is composed of rough stones as 
they come from the quarry. The second class, termed 
squared-stone masonry, is formed of stones roughly 
brought to.a rectangular shape by the use of tools. The 
third class, called ashlar masonry, is composed of stones 
accurately cut and dressed to specified dimensions. 

Each of these classes is subdivided into several others, 
according to the manner in which the work is. executed. 
Combinations of the different classes are also employed 
under various names, and are frequently employed in a 
single structure. 
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DEFINITIONS OF TERMS USED IN STONE 
MASONRY 


8. Parts of a Stone.—The names given to the parts of 
a block of stone when prepared for a structure are here 
defined. The face is the surface that will be exposed to 
view. The back is opposite the face, and parallel, or nearly 
so, to it. The upper and the lower horizontal surface (as 
laid) are called beds, and are distinguished, respectively, as 
the top bed and the bottom bed. The height or distance 
between the top and bottom beds is called the rise or 
build. The vertical sides at right angles to the face are 
called the joints. The four edges of the face, when they 
have been sharply defined by the use of the chisel, are 
termed pitch lines or arrises. A stone used at the corner 
of a wall and showing two faces is called a quoin. Small 
pieces of wedge-shaped stone are called spalls. When the 
blocks of stone are so large as to require machinery to move 
them, a hole, of the shape of an inverted truncated wedge, 
is cut in the center of the top bed to receive a device called 
a lewis, to which the hoisting rope from the derrick is 
attached. Otherwise, two holes are cut obliquely in the top 
bed to receive bolts with eyes for the same purpose. When 
the device called a dog, or grab, is used, small holes are 
drilled in the face and back, or preferably in the sides of 
the stone, to receive its points. The holes should be so 
placed as not to mar the appearance or affect the durability 
or strength of the stone, and should never be placed in the 
faces of fine cut stones. The holes are variously designated 
as lewis holes, grab holes, dog holes, etc. 


4. Parts of a Wall.—The footings of a wall are the 
projecting courses at the base of the wall, employed for the 
purpose of distributing the weight over an increased area 
and thereby diminishing the liability to vertical settlement 
from compression of the ground. Feotings, to have any 
useful effect, must be securely bonded into the body of the 
work and have sufficient strength to resist the cross-stresses 
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to which they may be subjected. If the bottom course is not 
solidly bedded, if any rents or vacuities are left in the beds 
of the masonry, or if any of the materials are unsound or 
badly put together, the effects of such carelessness will show 
themselves sooner or later and always at a period when 
remedial efforts are useless. Too much care cannot be 
bestowed on the footing courses of any structure, as on 
them depends much of the stability of the work. 

The face is the portion of the wall exposed to view, and 
the back is the inner or unexposed surface. 


5. Each horizontal row or layer of stone is called a 
course. Some of the courses have particular names. The 
plinth, also called the water-table, is a projecting course 
placed at or near the ground line. The belt and stringing 
courses are wide or narrow projecting courses placed at inter- 
vals on the face for the purpose of ornament. ‘The course 
from which an arch springs is called the springing course. 
A stretching course is a course composed entirely of 
stretchers. A header course is a course composed of 
headers. A bonding course is a course composed 
of bond stones. The terms stretcher, header, and bond are 
defined further on. The corbel course is composed of 
pieces of stone projecting from the face of the wall, for the 
purpose of supporting a course that projects still farther. 
The cornice is the ornamental course or courses set at the 
top of the wall. The blocking course is a course of large 
stones set on the top of the cornice. 


6. The coping is the finishing course at the top of the 
wall, and consists of large stones projecting slightly over the 
wall at both sides, accurately bedded on the wall and joined 
to one another with cement mortar. The coping is used to 
shelter the mortar in the interior of the wall from the 
weather, and to protect, by its weight, the smaller stones 
below it from being knocked off or picked out. Coping 
stones should be so shaped that water may rapidly run off 
them. For coping, long stones are preferable to short ones, 
because the number of top joints will be diminished and the 
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mass beneath the coping will be better protected. Additional 
stability is given to a coping by so connecting the stones 
that it will be impossible to lift one of them without at the 
same time lifting the ends of the two stones next to it. This 
is done either by means of metal cramps, which have the 
ends turned at right angles to the body of the bar, and are 
inserted in holes cut in the stones and fixed there with lead, 
or by means of dowels of wrought iron, cast iron, copper, or 
hard stone. The metal dowels are inferior in durability to 
those of hard stone, although they are superior in strength. 
They are fastened by pouring melted lead or sulphur around 
them. Copper is strong and durable, but expensive. The 
stone dowels are small prismatic or cylindrical blocks, each 
of which fits into a pair of opposite holes in the contiguous 
ends of a pair of coping stones and fixed with cement 
mortar. 

The under edge of the coping should be throated or 
dripped; that is, grooved so that the water falling on it will 
not run back on the wall, but will drop from the edge. 

Coping is divided into three kinds; namely, parallel 
coping, which is bedded level and is level on top; feather- 
edged coping, which is bedded level and slopes on top; 
saddleback coping, which has a curved or doubly 
inclined top. 


7. he term bond is applied to the method adopted for 
placing the stones or bricks in a wall, by lapping them over 
one another, so as to prevent the vertical joints from form- 
ing acontinuous straight line, the occurrence of which would 
produce a weak and easily separable structure. A good 
bond breaks the vertical joints, both in the length and in the 
thickness of the wall. 

Various methods are employed to form the bond. The 
method by headers and stretchers, in which the vertical 
joints of each course alternate with the vertical joints of the 
courses above and below it, is the simplest and the most 
commonly used. In this method, shown in Fig. 1, the 
blocks of each course are laid alternately with their greatest 
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and least dimensions to the face of the wall. 


Those that 


present the longest dimension, as a, are termed stretchers; 


the others, as 4, are termed 
headers. This arrange- 
ment of headers and 
stretchers is termed the 
longitudinal bond. Its 
object is to distribute the 
load or pressure over an 
increasing area downwards 
to the foundation. The 
extent to which the blocks 
should overlap or break 


joint is usually from one to one and one-half times the rise 
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or height of the course. 

The bond across the thick- 
ness of the wall is of more 
importance than the longitu- 
dinal bond; its object is to tie 
the face and the back of the 
wall together; this is effected 
by the headers. A header that 
extends from face to back is 
termed a through bond. 
When walls exceed 3 feet in 
thickness, it is not advisable to 
use through bonds, because of 
the liability of the long stone 
to become broken in the mid- 
dle by unequal settlement; in 
its place headers that reach 
only a part of the distance are 
used. In this case, they are 
called binders (as shown at a, 
Fig. 2) and should extend from 
each face about two-thirds of 
the thickness of the wall; they 


should be arranged so as to cross each other alternately. 
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The strongest bond in masonry composed of rectangular 
stones is that in which each course at the face of the wall 
contains a header and a stretcher alternately, the outer end 
of each header resting on the middle of a stretcher in the 
course below; so that rather more than one-third of the area 
of the face consists of ends of headers. This proportion 
may be deviated from when circumstances require it; but in 
every case it is advisable that the ends of headers should not 
form less than one-fourth of the whole area of the face. of 
the wall. 


8. Joints.—The mortar layers between the stones are 
called the joints. The horizontal joints are called bed 
joints, or simply beds. The end joints are called ver- 
tical joints. When the term joint is used without any 
qualification, a vertical joint is meant. Excessively thick 
joints should be avoided. For ashlar masonry, joints should 
be about + to is inch thick; for rubble masonry, they vary 
according to the character of the work. 

Joints of masonry are finished in different ways, with the 
object of presenting a neat appearance and of throwing the 
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rain water away from the joints. The joints most used are: 
(1) Flush joints, Fig. 3, in which the mortar is pressed flat 
with the trowel, and the surface of the joint is flush with the 
face of the wall. (2) Struck joints, Fig. 4, formed by 
pressing or striking back with the trowel the upper portion 
of the joint, while the mortar is moist, so as to form an outer 
sloping surface from the bottom of the upper course to the 
top of the lower course. This joint is also called weather 
joint. Masons generally form this joint so that it slopes 
inwards, thus leaving the upper arris of the lower course 
bare and exposed to the action of the weather. The reason 
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for forming the joint in this improper manner is that the 
work is more easily done. (3) Keyed joints, Fig. 5, 
formed by drawing a curved iron key or jointer along the 
center of the flushed joint and pressing it hard so that the 
mortar is driven in beyond the face of the wall. A groove 
of curved section is thus formed, having its surface hardened 
by the pressure. 


9. Pointing a piece of masonry consists in scraping out 
the mortar in which the stone was laid, from the face of the 
joints for a depth of from 2 inch to 2 inches, and filling the 
groove so made with clear Portland-cement mortar, or with 
mortar made of one part of cement and one part of sand. 
The necessity for pointing arises from the fact that the 
exposed edges of the joints are always deficient in density 
and hardness, and the mortar near the surface of the joint is 
specially subject to dislodgment, since the contraction and 
expansion of the masonry are likely either to separate the 
stone from the mortar or to crack the mortar in the joint, 
thus permitting the entrance of rain water, which by freezing 
forces the mortar from the joints. 

The pointing mortar, when ready for use, should be rather 
incoherent and quite deficient in plasticity. Before applying 
the pointing, the joint must be well cleansed by scraping and 
brushing out the loose matter, then thoroughly saturated with 
water and maintained in such a condition of dampness that 
the stones will neither absorb water from the mortar nor 
impart any to it. Walls should not be allowed to dry too 
rapidly after pointing. Pointing should not be done either 
during freezing or during excessively hot weather. The 
pointing mortar is applied with a mason’s trowel, and the 
joint is well calked with a calking iron and hammer. In 
the very best work, the surface of the mortar is rubbed smooth 
with a steel polishing tool. The form given to the finished 
joint is the same as described in Art. 8. Pointing with 
colored mortar is frequently employed to improve the appear- 
ance of the work. Various colors are used, as white, black, 
red, brown, etc., different-colored pigments being added to 
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the mortar to produce the required color. Many authorities 
consider that pointing is not advisable for new work, as the 
joints so formed are not so enduring as those finished at 
the time the masonry is built. Pointing is, moreover, often 
resorted to when it is intended to give the work a superior 
appearance and also to conceal defects in inferior work. 


GENERAL RULES FOR STONE SETTING 


10. In assembling or putting together the stones to form 
a structure, certain principles or rules must be observed; 
namely: 

1. That the vertical joints in any course should not come 
directly over the vertical joints in the course below. 

2. That where the thickness of a wall is made up of two 
or more pieces of stone, bond stones or blocks that run 
through from face to face of the wall should be used when- 
ever possible, for the purpose of binding the whole mass 
together. 

8. That where the width of the wall is so great that a 
long bond stone would be liable to fracture, headers should 
be used at frequent intervals, placed as nearly over the 
center of the stretchers as possible, and extending two-thirds 
across the wall, alternately from opposite faces. 

4, That when stratified stones are used, they should be 
laid on the natural bed, that is, the bed on which they rested 
in the quarry. Stratified stones when placed vertically are 
split and scaled by the action of the weather; moreover, a 
stone in this position has not as much strength to resist 
crushing as it has when placed with the lamina horizontal. 
Stones placed with their strata vertical can sustain only six- 
sevenths of the load borne by similar stones placed on the 
natural bed. When a stratified stone is used in a cornice 
with overhanging moldings, however, the natural bed should 
be placed parallel to the side joints; for, if placed horizon- 
tally, layers of the overhanging portions will be liable to 
drop off. In building arches, the stones should be set with 
the bed as nearly as possible at right angles to the thrust. 
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(Precise directions for ascertaining the natural bed of a 
stone cannot be given. With some stones it is easy to dis- 
tinguish; with others, it is a matter of extreme difficulty; 
in case of doubt, the quarry owners should be consulted.) 

5. That every joint or space between the stones should 
be filled with mortar, and that the spaces should be as small 
as possible. 

6. That the surfaces of porous stones should be moistened 
with water, before being placed in contact with the mortar; 
otherwise they will absorb the moisture from the mortar, 
causing the mortar to become a friable mass. 

7. That, for the sake of appearance, the largest stones 
should be placed in the lower courses, the thickness of the 
courses gradually decreasing toward the top. 

8. That the rougher the beds and joints, the better the 
mortar should be. The principal office of the mortar is to 
equalize the pressure, and the more nearly the stones are 
dressed to closely fitting surfaces, the less important the 
quality of the mortar; with rough beds, the best quality of 
mortar should be used. This rule is frequently incorrectly 
reversed; that is, with fine, smooth, dressed beds, the best 
quality of mortar is used. When using stones that have 
been sawed, it may be necessary to roughen the surface of 
beds and joints with the point or tooth ax, so that the mortar 
will adhere. 

9. That porous stones should not be placed at or below 
the ground line. 

10. That, in foundations, absorption of moisture from 
below should be prevented by placing a course of imperme- 
able material at or near the surface of the ground. 

11. That porous stone should not be employed for 
copings, cornices, window sills, or other parts of a structure 
where water is likely to lodge. 

12. That, in setting cut stones, as sills, water-tables, belts, 
etc., the mortar should be kept back about 1 inch from the 
face, the space being filled when the pointing is done. 

13. That, if a stone that has once been set requires to be 
moved for any reason, it should be lifted clear from the 
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mortar bed, the mortar removed, and the stone set in a new 
bed of mortar in the new position. 

14. That hammering or cutting stones on the top of stones 
just set in the work should not be practiced. 

15. That all courses that project beyond the general lines 
of the wall, as sills, lintels, belt courses, etc., should be 
covered with boards or otherwise protected from damage. 


RUBBLE MASONRY 
11. Classification.—As stated in Art. 2, rubble 
masonry is formed of irregularly shaped stones as they 
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come from the quarry, without other preparation than the 
removal of acute angles and excessive projections. Rubble 
masonry is either uzcoursed or coursed. In uncoursed 
masonry, Fig. 6, the stones are laid without any attempt at 
regular courses. In coursed masonry, Fig. 7, the stone is 
leveled off at specified heights to an approximately horizontal 
surface. These courses are not necessarily of the same 
height throughout, but may rise by steps, in which case the 
work is termed random coursed. 
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12. Directions for Construction.—In building either 
class of rubble, the stone should be prepared by knocking 
off the thin edges. It should be cleansed from dust and 
dirt, and moistened with water, before it is placed in the 
structure. The stones should be placed on their widest 
beds, so that they may not be crushed or act as wedges 
and force out the adjacent work. The side joints should 
not form an angle with the bed joint sharper than 60°. The 
bonding of rubble masonry is secured by placing the largest 
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stones at hand across the wall at frequent intervals. These 
large stones should form at least one-fourth of the face. 


13. As the mortar governs to a great extent the strength 
of rubble masonry, it should be of good quality. The 
amount of mortar required varies according to the size of 
the stone. With small, irregular stones, one-third of the 
mass should be mortar. Rubble masonry is sometimes laid 
without mortar, as in retaining walls of small height, slope 
walls, paving, etc. When so laid, it is termed dry rubble. 


14. Specifications for Rubble Masonry.—Rubble 
masonry should be formed of stones having a volume of 
not less than 1 cubic foot, and a thickness of not less than 
6 inches. They must either have naturally fair beds or be 
roughly hammered thereto. The stones should be wet with 
water, then set on the natural bed in a full bed of mortar, 
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and hammered into place. The use of spalls in the bed 
joints sbould not be permitted. In the vertical joints, spalls 
may be allowed; the joint should be filled with mortar, and 
the spalls shoved in and hammered until solid. Bond stones 
should be placed so as to break joints, and should not be 
farther apart than 6 feet horizontally and 2 feet vertically. 


SQUARED-STONE MASONRY 


15. Classification.—Squared-stone masonry is 
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formed by blocks of stone roughly hewn to a rectangular 
shape. It is divided into three classes; namely: range 
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work, Fig. 8, in which the courses are of the same height 
or rise throughout; broken range, Fig. 9, in which the 
heights of the courses are not uniform; and random range, 
Fig. 10, which is composed of rectangular blocks of dif- 
ferent dimensions. 

In all classes of squared-stone masonry, the stones are 
laid in thick beds of the best quality of mortar with side 
joints ranging from ¢ to 1 inch in width. The face of the 


stone is usually left as it comes from the quarry. In massive 
work, the edges are generally pitched to line. 


16. Specifications for Squared-Stone Masonry. 
The stone should be dressed to a uniform thickness that, 
for any course, must not be less than 8 inches. The face 
should be quarry face, with edges pitched to a straight line. 
The joints should be broken by a lap of at least 8 inches, 
and there should be at least one header to every three 
stretchers. The stone should be laid in a full bed of mortar, 
and the width of the side joints should not exceed 1 inch. 
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ASHLAR MASONRY 


17. Classification.—Ashlar masonry is divided into 
two classes; namely: ranged or regular coursed ashlar, 


. XN 
Y xe Nw ) om 
‘ iy. WH, ie i \ YY) 
5 AW, W A \ 


y | N Ny a Et 
y " \\: 
re? ; MES Baht VN 


PY = 
\ Ns 


So Nya N 
Ww gr 
Ne \. 


ms NY NN 
tty : A Su... NW Life 
‘Vian ally Ww Na ee W Aull sh 
‘al TG 1\ x K on} inl th D 
AW it AW ating, ‘i Na MAC ap ih 
ane Nv RN fl TAM 


( 
Hae 


Fie. 11 


Fig. 11, also called cut-stone work and dimension-stone 
work, which consists of rectangular blocks cut and dressed 
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to prescribed dimensions and built in courses of uniform 
height or rise; and broken ashlar, Fig. 12, which is formed 
of rectangular stones cut to dimensions, but in which the 
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stones are of unequal heights and are laid in the wall without 
any attempt at maintaining courses of equal rise. 


18. Method of Construction.—Ashlar is considered 
the finest class of masonry, and is employed in all important 
structures. Its strength depends on the dimensions of the 
blocks, the accuracy of dressing, and the bond. The dimen- 
sions of the blocks are regulated by the character of the 
stone used. With sandstone and limestone, the length 
should not be greater than three times the rise, and the 
breadth should not exceed twice the rise; that is, if the rise 
or height of the stone is 1 foot, the length should be 8 feet, 
and the width or breadth 2 feet. With granite and the harder 
rocks, the length may be four times the rise, and the breadth, 


(AAA A Ae 
LEAL 


KA 


LLL. 
Site 4 


\\ 
\Y 


EB 


LZ 


ZY, 


[S22 
S SS SEE 


BQ 
SWS 


yyy 
Yi 


y Vy 

ZW Yt 
Y tf y 
CLM 


Fie. 13 


three times the rise. The dressing consists in cutting the 
sides and bed joints to plane surfaces at right angles to one 
another; these surfaces should not be made smooth, but 
should possess a moderate degree of roughness, which aids 
the adhesion of the mortar and increases the resistance to 
displacement by sliding. 

'-The accurate dressing of the beds to a plane surface is 
exceedingly important. If the surface is left convex, the con- 
vex portion will bear an undue amount of the pressure, and 
will form a joint called an open joint, which will gape at 
the edges. If the surface is made concave, the pressure is 
concentrated on the edges of the stone, causing them to chip 
or spall off, as shown at a, Fig. 13, thus causing a defacement 
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of the work, if not more serious damage. Concave beds are 
frequently made intentionally for the purpose of giving a 
neat appearance to the work; this practice must be carefully 
guarded against by close inspection. Another practice for 
securing close joints is to fairly dress the bed for a few inches 
from the face and then to chip away the stone toward the 
back, so that when the block is set it will be in contact with 
the adjacent stones only throughout this limited surface, as 
shown in Fig. 14. This practice is objectionable; it gives an 
inadequate extent of bearing surface to resist the pressure, 
thus causing the block to fracture. To give such a block a 
fair set, it has to be propped up with sfalls, as shown in 
Fig. 14. This operation is called spalling up, pinning 
up, and underpinning. These props cause the pressure 
on the block to be thrown on a few points, and may cause 
the fracture of the stone. 


19. The bed on which the stone is to be laid must be 
thoroughly cleaned of dust and be well moistened with water. 
A thin bed of mortar should then be spread evenly over it, 
and the stone, the lower edge of which has been cleaned and 
moistened, raised into position, and lowered first on one or 
two strips of wood, laid on the mortar bed; next, by the aid of 
the pinch bar, moved exactly into place, and truly plumbed; 
the strips of wood are then removed and the stone settled 
in place and leveled by striking it with a wooden mallet. 
In using bars and rollers for handling cut stone, the mason 
must be careful to protect the stone from injury by means 
of a piece of old bagging, carpet, etc. 


20. The thickness of the mortar in well-executed ashlar 
should not exceed 2 inch. In practice, it ranges from 4 to 
3 inch. 

21. The strength of ashlar depends, to a great extent, 
on the bond. The stones should overlap or break joint to 
an extent from one to one and one-half times the rise of the 
course; this, however, is rarely done, owing to the great 
cost. The common method is to lay up three or four 
courses of stretchers, with a header placed every 4 or 6 feet, 
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then to lay a course of headers. The total number of 
headers should be so proportioned that at least one-third of 
the face area shall be composed of headers. 


22. The ashlar blocks usually form one face of a wall, 
or, in the case of a pier, they form the face of the two sides 
and ends, thus leaving a hollow space that must be filled 
up. This filling is called the backing. It is composed of 
either rubble masonry or concrete, and should be carried up 
course by course with the face work. The tails of the 
headers or bond stones should extend a considerable dis- 
fance into the backing, in order to tie backing and face 
together. 


23. Broken Ashlar.—Broken ashlar is cheaper than 
regular coursed ashlar, because, owing to the diversity in 
the size of the stones used, the entire output of the quarry 
can be worked up. When well executed, it presents a very 
pleasing appearance; it is extensively used for retaining 
walls and in situations where a massive appearance is not 
essential. In its construction, the same rules should be 
observed as stated for regular coursed ashlar. 


24. Specifications for Ashlar Masonry.—The stone 
shall be granite of a fine and uniform grain, uniform in 
color, perfectly sound and free from sap, seams, cracks, or 
any other defect likely to impair its strength, durability, or 
appearance. 

The face finish shall be rock face; it shall be uniform in 
appearance, and must not project more than 4 inches beyond 
the pitch lines; it must average at least 12 inches beyond the 
pitch lines, and have no depression extending back of them. 

The upper and lower beds of each stone shall be rough- 
pointed, and cut true and parallel with each other, and must 
be true to the straightedge when applied ‘n any direction. 
No hollow or slack cutting, nor falling away toward the back 
of the stone will be allowed. 

The vertical joints must be full and square to the beds 
and to the face, for at least 12 inches back from the pitch 
lines, and beyond that must not open more than 2 inches. 
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The bottom bed shall always be the full size of the stone, 
and no stone shall have an overhanging top bed. 

The bed joints shall be 3 inch throughout, and the vertical 
joints of the face, for a distance of 12 inches back from the 
pitch lines, shall not exceed 2 inch in thickness. 

The masonry shall be laid in regular courses, and must be 
thoroughly bonded throughout. No stone in one course 
shall overlap the stones of the course next below by less than 
15 inches. The courses shall be from 2 feet 6 inches to 
2 feet in thickness. The thickest course shall be at the 
bottom, and the others shall decrease in thickness from the 
bottom toward the top. 

Stretchers shall have a length of not less than twice nor 
more than four times their height, and a width of not less 
than 8 feet. 

Every second or third stone in the face of each course 
shall be a header. Each header must be at least 3 feet wide on 
the face, and its length shall be at least three times its height. 

No plug holes more than 9 inches in diameter or more 
than 1% inches deep, or within 1 foot of each other or from 
the edge of a stone, will be allowed. 


25. All stones must be carefully cleaned and wet before 
being laid; stones already laid must be cleaned and moistened 
to receive the mortar bed for each stone to be laid on them. 
All stones shall be laid on their natural beds, in full flush 
beds of mortar, mixed fresh. All vertical joints must be 
thoroughly flushed with mortar. The face masonry must 
be kept clean at all times. 

The stones must be lifted by a derrick and lowered into 
place, without shock to the stones already set. Any stone 
whose bond or set is disturbed by a neglect of this require- 
ment must be taken up and reset at the cost of the contractor. 

No grab holes shall be made in the finished faces of any 
coping or molded stone. Cutting of stones will not be per- 
mitted after they have been brought on the wall. 

Water-tables, belt courses, pedestals, and coping shal! be 
of granite, dressed with 6-cut work on the exposed faces; 
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the beds and end joints shall be fine-pointed. The width of 
the joints shall not exceed # inch. 


26. Face joints shall be cleaned out to a depth of 14 inches, 
and filled and pointed during mild weather, with mortar, which 
shall be driven in hard with a calking iron. The surface of 
the joints shall then be rubbed smooth with a rounded tool. 

The mortar shall be composed of Portland cement and 
sand, in the proportion of 1 barrel of cement, weighing 
375 pounds, net, to 8 cubic feet of sand. The cement and 
sand shall be thoroughly mixed dry. Clean, fresh water shall 
then be added, but only in quantities sufficient to give the 
proper consistency to the mortar where the mixing is 
complete. 


BRICK MASONRY 


DEFINITIONS AND GENERAL EXPLANATIONS 

27. Bricks are usually placed in the wall with the 
largest side laid horizontally; hence, these sides are called 
the beds, and the smaller sides at right angles to them are 


\S 


called the joints. Occasionally, the bricks are laid with the 
smallest side horizontal, in which position the brick is called 
a rowlock. Courses composed of rowlocks are frequently 
used as the finishing course, and also to make up deficiences 
in height due to thin mortar beds Bricks whose long faces 
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lie parallel to the face of the wall are called stretchers, 
and bricks whose long faces lie at right angles to the face of 
the wail are called headers. 


28. <A course is a horizontal layer of bricks. Heading 
courses are those showing no bricks but headers in the face 
of the wall. 

29. Bats are pieces cut from bricks. <A bat is called a 
one-quarter, one-half, or three-quarter bat, according to the 
proportion it bears to a whole brick. 


30. Bonding.—Since bricks are made of uniform size, 
they are laid in the wall according to a uniform system called 
bonding, adapted to tying all parts of the wall together. 
There are several bonding systems, but only three are 
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generally used; namely, English, Flemtsh, and common. In 
all the systems of bonding, the aim is to prevent the vertical 
joints from forming a continuous straight line. To attain 
this object, the bricks are so laid that each vertical joint 
occurs directly over the center, or nearly so, of the brick in 
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the course below. This is called breaking joints. To 
secuire a continuance of the proper relation between the 
vertical joints in each course, it is necessary to use, in several 
of the courses, pieces of brick, which, when used for this 
purpose, are called closers. 
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English bond, Fig. 15, consists of alternate courses of 
headers and stretchers. Flemish bond, Fig. 16, consists 
of alternate headers and stretchers in every course. Common 
bond, Fig. 17, consists in 
starting the wall with a 
course of headers, then 
laying up several courses 
(either three, five, or 
seven) of stretchers, fol- 
lowed by a course of 
headers. This arrangement 
is duplicated throughout 
the height of the wall. 

The manner of arran- 
ging the courses to form 
the corner bond fora 
13-inch wall is shown for 
six courses in Fig. 18. The 
same method is employed 
for walls of other thick- 
nesses. The corners and 
angles should be built with 
care and by an experienced 
| mason, because from them 
a iy are stretched the lines to 

BE] guide the laying of the 
eae courses between them. 

i. ‘BESE Acute and obtuse angles 

eel [ | [| __]should be formed by bricks 

= molded to the required 

angle. Intersecting walls 

are either bonded together, 

course by course, as shown 

Ist Course in Fig. 19, or butted and 

aha te anchored, as shown in 

Fig. 20 (a). <A cross-section of the anchor is shown in 

Fig. 20 (4). It is composed of a flat bar bent at right 
angles at each end. 
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31. Thickness of Walls.—The thickness of the wall is 
the distance from the face to the back, and is generally 
expressed in even inches, as 8 inches, or having a single 
brick; 12 inches, or a brick 
and a half; 16 inches, or two 
bricks; and so on. In reality, 
the 8-inch wall will measure 
84 or 9 inches; the 12-inch, 
12? or 18 inches; the 16-inch, 
17 or more inches; the 
20-inch, 214 or more inches; 
the difference being caused 
by the varying width of the 
bricks and the mortar joints 
between them. 


BRICKLAYING 


32. General Rules.—In the construction of brick 
masonry, the following general rules should be observed: 

1. That the bricks should be sound and well shaped. 

2. That the mortar should be of good quality, as the 
strength of brickwork depends largely on the quality of the 
mortar. 

3. That each brick should be laid in a full bed of mortar, 
filling end and side joints at one operation. This operation 
is a simple and easy one for a skilful mason, but it requires 
constant watching to get it done. Masons have a habit of 
laying the brick in a bed of mortar, leaving the vertical joints 
to take care of themselves, throwing a little mortar over the 
top beds and giving a sweep with the trowel, which more or 
less disguises the open joint. Another thing that they often 
do is to draw the point of the trowel through the top bed of 
the brick, after the mortar has been applied, thus making an 
open channel with only a sharp ridge of mortar on each side, 
so that if the succeeding brick is taken up it will show a clear 
hollow, free from mortar, through the bed, as shown in Fig. 21. 
This enables them to bed the next brick with more facility, 
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and to avoid pressing on it to obtain the requisite thickness 
of joint. 

4. That each brick should not be merely laid, but should 
be shoved and pressed into the mortar. 

5. That each brick should be thoroughly cleaned and 
wetted before being laid. This is absolutely essential dur- 
ing hot weather. Bricks have a great avidity for water; if 
laid in the mortar dry, they will absorb the water, thus pre- 
venting the mortar from setting: the mortar will dry up and 
crumble in the fingers when handled. The common method 
of wetting bricks by throwing water from buckets or spraying 
with a hose over a large pile is deceptive: the water reaches 
only a few bricks on one or more sides. Immersion of the 
bricks for about 8 minutes is the only 
sure method of averting the evil con- 
sequences of using dry or partially 
wetted bricks. 

6. That the first course should be 
started level. As bricks are of equal 
yy yuMiidtidA thickness throughout, the slightest 

Fic. 21 irregularity or incorrectness in start- 
ing will be carried into the super-imposed courses. This can 
only be rectified by using at some places more or less mortar 
than should be used, and this is of course injurious to the 
work. 

7. That the courses should be laid perpendicular, or as 
nearly so as possible, to the direction of the pressure they 
have to bear. 

8. That the bricks in each course should break joints with 
those of the courses above and below by overlapping to the 
extent of from one-quarter to one-half the length of a brick. 

9. That the two faces of the wall should be properly 
bonded or tied together. Every fifth or seventh course 
should be a header course. A common but improper method 
of building thick brick walls is to lay up the outer stretcher 
courses between the header courses, and then to throw mor- 
tar into the trough thus formed, making it semifluid by the 
addition of a large quantity of water, then throwing in the 
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bricks (bats, sand, and rubbish are often substituted for 
bricks), allowing them to find their own bearing; when the 
trough is filled, it is plastered over with stiff mortar and the 
header course laid, and the operation repeated. This prac- 
tice may have the advantage of celerity in executing the 
work, but it weakens the strength, and is the cause of many 


failures. 


03. Amount of Mortar Required.—The objects in 
using mortar are to cause the bricks to adhere and to furnish 
a uniform bearing, by filling up irregularities. The thick- 
ness of the mortar bed need not be more than will success- 
fully accomplish these ends. In practice, it is usual to make 
exterior joints from ¢ to % inch thick, and interior joints ffom 
# to % inch thick. The proportion of mortar to brick will vary 
with the size of the brick and the thickness of the joint. With 
the standard brick, 8¢ in. X 4in. X 27 in., the amount of 
mortar required will be as given in the following table: 


MORTAR REQUIRED IN BRICKWORK 


Mortar Required 
Cubic Y 
Thickness of Joints “bac er 
Inch eae 
—s ie Yard of Per Thousand Bricks 
asonry 
7 to & m3 1Os40 .80 to .9 
4 to % .2 to .30 .40 to .6 
3 wito. 16 515 to .2 


84. Tools Used in Brick Masonry.—The principal 
tools used by the bricklayer are: the trowel, Fig. 22, used 
for lifting and spreading 
the mortar; the hammers, 
shown in Figs. 28, 24, and 
25, used for cutting hard 
bricks (soft bricks are usu- 
ally cut with the edge of the trowel); the jointers, Fig. 26 (a) 
and (4), used for pointing the mortar joints; the plumb-rule, 
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Fig. 27, used to test the verticality of walls as they are carried 
up; and the cold chisel, Fig. 28, used for cutting through 
walls, making chases, etc. 


Fic. 25 


SPECIFICATIONS FOR BRICK MASONRY 


35. The bricks shall be of the best quality of hard burnt 
bricks, burnt hard entirely through, and regular and uniform 
in shape and size. They shall be of compact texture. 
Bricks that, after being thoroughly dried and immersed in 
water for 24 hours, absorb more than 16 per cent. in volume 
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of water may be rejected. Bricks to be used in the face 
work shall have even, straightedged faces. The brick 
masonry shall be laid, as required, in natural- or in Portland- 
cement mortar, and the cement shall be mixed with one part 
or two parts of sand, as required. The bricks are to be 
thoroughly wet just before laying. Each brick shall be com- 
pletely embedded in mortar under its bottom, on its sides, 
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and on its ends at one operation, care being taken to fill every 
joint. No bats shall be used except where whole bricks cannot 
be used, and nothing smaller than a half brick shall be used 
in making closures. All work must be well and thoroughly 
bonded. The joints shall have such thicknesses, not less 
than + inch, as the engineer shall direct. The face joints 
shall be neatly struck or pointed when the bricks are laid. 
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PRESERVATION AND REPAIRING 


36. Brick Masonry Impervious to Water.—As brick 
masonry is naturally very permeable, it is desirable under 
some conditions to render it waterproof. Many processes 
for this purpose have been invented and experimented with, 
but few of them have been found effective. Laying the bricks 
in asphaltic mortar, coating the walls with asphalt or coal 
tar, and the application of ‘““Sylvester’s wash’’ have proved 
fairly successful. The latter process consists in using two 
washes for covering the surface of the walls, one composed 
of Castile soap and water, and one of alum and water. 
These solutions are applied alternately until the walls are 
made impervious to water. 


37. Efflorescence is the name given to a grayish-white 
substance that appears on the surface of brick walls, particu- 
larly in moist climates. It arises from several causes, and 
often returns after being removed. It is generally considered 
to originate in the mortar, being the precipitate resulting from 
the solution by rain water of the salts of soda, potash, mag- 
nesia, etc. contained in the lime or cement. In some cases, 
it has been found to proceed from the bricks when they have 
been burned with sulphurous coal or made from clay contain- 
ing iron pyrites. 

Many remedies have been tried for efflorescence, such as: 
(a) adding baryta to the water used for tempering the brick 
clay, or to the mortar; (4) washing the surface with diluted 
muriatic acid, and then applying a coating of linseed oil; 
(c) using Sylvester’s washes, composed of the same ingre- 
dients and applied in the same manner as for rendering 
masonry impervious to moisture. 


38. Repair of Masonry.—In effecting repairs in 
masonry, when new work is to be connected with oid, 
the mortar of the old should be thoroughly cleaned off 
along the surface where the junction is to be made, and 
the surface thoroughly wetted. The bond and other arrange- 
ments will depend on the circumstances of the case. The 
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surfaces connected should be fitted as accurately as practi- 
cable, so that, by using but little mortar, no disunion may 
take place from settling. As a rule, it is better that new 
work should butt against the old, either with a straight joint 
visible on the face, or let into a chase, sometimes called a 
slip joint, so that the straight joint may not show; but, if it 
is necessary to bond them together, the new work should be 
built in a quick-setting cement mortar, and each part of it 
allowed to set before being loaded. 

In pointing old masonry, all the decayed mortar should be 
completely raked out with a hooked iron point, and the sur- 
faces should be well wetted before the fresh mortar is applied. 
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REINFORCED CONCRETE 


INTRODUCTION 


1. Definitions.—The terms ferro-concrete, concrete 
steel, armored concrete, and reinforced concrete are 
indifferently applied to concrete in which is embedded steel 
in the form of rods, bars, shapes, or netting. Although all 
these terms are employed, the last one—reinforced concrete— 
is superseding all the others. The metal used with the con- 
crete is called the reinforcement. The term reinforced con- 
crete does not apply to those combinations of steel and concrete 
in which the steel is designed 
to support all the loads. In 
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these combinations (see Figs. 1 and 2), the concrete simply pro- 
tects the steel from corrosion and fire, and the steel is designed 
to support the concrete as well as the other loads. In reinforced 
concrete, on the contrary, the proportions of steel and concrete 
are so designed that the stresses will be distributed properly 
between the two materials. 
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2. Object of Reinforcement.—Concrete structures are 
used principally on account of their rigidity and durability. 
The primary object of the reinforcement is to reduce the cost 
of the structure. Concrete has a low tensile strength, and the 
amount of it that would be required in structures subjected to 
tension would be very large. It is, therefore, more economical 
to use steel to resist tensile stresses. On the other hand, the 
compressive strength of concrete is comparatively high, and in 
many cases it is cheaper to use this material to resist compres- 
sive stresses. Hence, a very economical structure can be 
obtained by combining the two materials and so designing the 
structure that the compressive stresses will be resisted by the 
concrete, and the tensile stresses by the steel. This is the prin- 
ciple on which reinforced-concrete construction is based. In 
such construction it is customary to assume that all the tensile 
stresses are resisted by the steel, and all the compressive stresses 
by the concrete. 


3. Concrete structures that resist compression only, such 
as columns and piles, are commonly reinforced by steel, as it 
is found that they can better withstand the effects of shocks 
than when not reinforced. In some cases, the steel assists in 
resisting the compression; in others, it simply serves to hold 
the concrete together in such a way that it can withstand 
greater stresses. 

In addition to the reinforcement that is added to assist in 
resisting stresses due to applied loads, steel is sometimes 
placed close to the outside of concrete structures to prevent 
surface cracks due to the drying of the concrete and to 
changes in temperature. 


4. Uses of Reinforced Concrete.—Reinforced concrete 
is extensively used in engineering construction. Some of the 
uses to which it has been put and to which it is adapted are as 
follows: floors, beams, columns, and column footings in bridge 
building, and dock construction; piles and sheet piling; retain- 
ing walls, bridge abutments, piers, and trestle bents; culverts, 
sewers, and other conduits; floors, roofs, and walls in subway 
construction; tanks, standpipes, and roofs of reservoirs; arches; 
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and dams. In some of these constructions, the amount of 
steel that is embedded in the concrete is decided according to 
practical considerations; in others, it is computed by means of 
formulas, so that the stresses will be properly distributed 
between the concrete and the steel. 


5. Advantages of Reinforced Concrete.—Reinforced 
concrete possesses all the advantages of plain concrete. In 
addition, it has the advantage that it requires much less mate- 
riai, for the same strength, than plain concrete, and that it is 
freer from cracks and the consequent deterioration caused by 
moisture and frost entering them. Reinforced concrete can 
be put in place by unskilled labor, but a competent engineer 
or superintendent of construction is required to direct and 
oversee the work. It is his duty to see that the steel is placed 
properly according to the plans, and that the concrete is prop- 
erly mixed, deposited, and tamped. 


6. Adhesion of Concrete and Steel.—In order that 
the concrete may transmit the stresses to the steel reinforce- 
ment, it is necessary that the steel and the concrete be in per- 
fect contact and that there be some kind of connection between 
them. This connection is provided in some cases by projec- 
tions on the sides of the reinforcing rods or shapes. These 
projections bear against the concrete and transmit the stresses 
to the steel. In by far the greater number of cases, however, 
the adhesion between the concrete and the surface of the steel 
is relied on to transmit the stresses to the reinforcement. The 
ultimate adhesion between smooth steel and concrete usually 
varies between 250 and 450 pounds per square inch of surface 
of steel in contact with the concrete. The working adhesion 
is usually taken between 50 and 75 pounds per square inch; 
60 pounds per square inch is a safe average working value. 


7. Extension of Concrete and Steel Due to Stress. 
When concrete is reinforced with steel, it extends from ten to 
twenty times as much as plain concrete before showing signs of 
cracking. It does not follow, however, that concrete, when 
reinforced, can resist ten or twenty times as much tension as — 
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plain concrete; for, as a matter of fact, concrete thus stretched 
cannot resist tension, the stretching being really due to cracks 
that are too small to be readily detected. Plain concrete, when 
subjected to tension, usually breaks at one section, and the 
break is plainly visible. In the case of reinforced concrete, 
the adhesion between the concrete and the steel distributes the 
elongation throughout the length of the reinforcement, with 
the result that the concrete breaks simultaneously at a great 
number of sections, each opening or crack being so small as to 
be invisible to the naked eye. While extended in this way, 
the concrete is held in place by the steel, and is no more capable 
of resisting tension than if there were one large crack plainly 
visible. When the tensile stress in the steel decreases, how- 
ever, the steel contracts and, provided it has not been loaded 
beyond the elastic limit, resumes its original length. The 
small cracks in the concrete close up, and the concrete is then 
as capable as before the stretching of withstanding compres- 
sion, although it can stand no tension. This fine cracking 
presumably does not alter the strength of the structure, if the 
latter has been designed on the assumption that the steel resists 
all the tension. 


8. Temperature Expansion and Contraction of Con- 
crete and Steel.——The stresses caused in the concrete and in 
the steel reinforcement by expansion and contraction due to 
ordinary changes in temperature are usually so slight that they 
may be neglected. This is due to the fact that the coefficients 
of expansion of concrete and steel are very nearly equal, and, 
since the two materials are at the same temperature, they 
expand and contract by the same amount. From observations 
on reinforced concrete that was subjected to fire at San Fran- 
cisco, however, it is evident that, when the combination becomes 
highly heated, the steel expands so much more than the con- 
crete, and the latter deteriorates to such an extent, that the 
two materials separate, and the concrete falls off in large pieces, 
leaving the steel exposed. 


9. Protection of Steel from Corrosion.—There is 
considerable difference of opinion on the subject of the pro- 


REINFORCED CONCRETE 5 


tection of steel embedded in concrete. There are many cases 
on record in which steel has been found in perfect condition, 
almost free from corrosion, on being removed from concrete 
in which it had been embedded for many years. There have 
been cases in which the steel was found rusted all through. 
All the evidence available at the present time, however, seems 
to indicate that, if the concrete is properly made and the steel 
is a sufficient distance from the surface, the danger of corrosion 
is slight. Steel embedded in cinder concrete is more likely 
to rust than steel embedded in stone concrete. This is due to 
the fact that cinder concrete is more porous than stone con- 
crete, and allows air and moisture to reach the steel. In addi- 
tion, there are likely to be some ingredients in the cinders that 
will combine with the moisture in the air, forming acids that 
corrode the steel. 


10. Protection of Reinforced Concrete from Fire. 
Previous to 1907, it was the general belief that reinforced con- 
crete was fireproof. Later investigations, however, especially 
those made at San Francisco after the great fire of 1906, show 
that this is not true. As stated in Art. 8, a very high temper- 
ature weakens the concrete, and also causes the steel to expand 
so much more than the concrete that the latter breaks and 
drops off. For this reason it is advisable, when reinforced 
concrete is used where there is a possibility of fire, to take 
extraordinary precautions. A better grade of concrete should 
be used, greater care should be taken in mixing and depositing 
it, and there should be a greater distance—at least 2 inches 
-—from the steel to the surface of the concrete. 


11. Grades of Concrete; Mixing.—The best mixture 
for reinforced-concrete work consists of 1 part Portland cement, 
2 parts clean, sharp sand, and 4 parts broken stone not over 
3 inch in any direction. For large, solid structures, such as 
retaining walls, foundations, abutments, etc., 1:2 ):5 and 
1:3:6 mixtures are sometimes used, and in these mixtures 
larger stones are allowed. It has been found by experiment 


and in practice that when well-made concrete is broken, the 
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break often passes through the broken stone, showing that 
the adhesion of the cement and stone, and the strength of the 
cement between the stones, is greater than the strength of the 
stones. To develop the full strength of the concrete, then, it 
is necessary to use a good grade of very hard, tough stone. 
Greater care should be taken than with plain concrete to see 
that the sand and stone are perfectly clean and free from clay 
or loam, as these impurities prevent a good bond between the 
cement and the stone. Cinder concrete is not desirable for 
reinforced-concrete work, unless it is absolutely necessary to 
reduce the weight, and unless strength is a secondary consid- 
eration. Broken brick is frequently used, and is a good mate- 
rial, but good, hard, broken stone, such as granite or trap, is 
preferable, if available. 
Even with the best materials, the full strength of reinforced 
concrete is available only when the materials are properly and 
thoroughly mixed and carefully placed in the forms, so as to 
eliminate the possibility of open spaces or voids in the finished 
concrete. Better results are obtained when the concrete is 
deposited quite wet than when a comparatively dry mixture is 
used; the wet concrete makes a more compact and homogeneous 
mass and adheres to the reinforcement better than the drier 
mixture. Too much water, however, tends to cause the mate- 
rials to deposit in layers, and sometimes gives a very porous 
concrete, on account of spaces being filled with water, which 
subsequently evaporates. The best results are obtained when 
the concrete has such a consistency that, when placed in the 
forms, a very small amount of free water rises to the surface. 
Whether a wet or a dry mixture is used, the concrete should be 
thoroughly agitated, or ‘‘worked,”’ after it is placed in the forms. 
A comparatively dry mixture requires more working than a 
wet mixture, and, in order that the concrete may be compact 
and homogeneous, must be thoroughly worked and tamped. 


12. Location of Reinforcement in Cross-Section. 
It is very desirable to place the reinforcing steel at the 
sections where the tension is greatest. In beams and girders, 
this brings the steel close to the surface of the tension side of 
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the beam. In columns there is usually no tension, but, on 
account of the liability of the columns to deflect, thus bringing 
one side into tension, it is customary to place the steel near 
the surface, or as far as practicable from the axis or center line 
of the column. 


CONSTRUCTION WORK 


TYPES OF REINFORCEMENT 


13. Plain Rods and Patented Bars.—There are various 
ways of reinforcing concrete with steel, the principal difference 
being in the form or shape in which the reinforcement is manu- 
factured. The form of reinforcement most frequently used 
consists of ordinary round steel rods. The action of these 
rods depends on the friction or adhesion between the steel and 
the concrete. When the concrete is well made, this adhesion 
is sufficient for many purposes. Many engineers, however, 
prefer to use rods or bars that are especially designed for rein- 
forcing purposes, and the action of which is not limited by 
adhesion. The makers of these patented bars claim that the 
tendency of the smooth rods to slide or slip through the concrete 
renders them unsuitable for the purpose of reinforcing. At the 
present time, the choice between smooth rods and patented 
bars is to a great extent a matter of individual preference, 
although it is obvious that the patented bars answer the pur- 
pose somewhat better than plain rods. They are, however, 
more expensive, and whether their higher efficiency is enough 
to compensate for their greater cost is still an open question. 
There are now a great many kinds of patented bars on the 
market, and their number is continually increasing. In this 
Section, only a few of those which are most commonly used 
will be described. 


14. Ransome, or Twisted, Bars.—Fig. 3 shows a 
Ransome, or twisted, bar. This bar is first rolled straight 
and with a square cross-section. It is afterwards twisted, 
while cold, into the desired form by special machinery, The 
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twisting process increases the elastic limit, so that a higher 
working stress can be used. Since the bar has no long, smooth, 
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straight surface on its side, it has little tendency to slide through 
the concrete when subjected to stress. 


15. Corrugated Bars.—Figs. 4 and 5 show two forms of 
patented bars, called corrugated bars on account of the many 
projections and indentations of their sides. The bar shown 


in Fig. 4, called the Johnson bar, is approximately square 
in cross-section, and has projections on all sides; that shown 
in Fig. 5, called the universal bar, has rectangular indenta- 
tions on two opposite sides, the main body of the bar being 
oblong in cross-section, with the top and bottom rounded off. 


Fic. 5 


Corrugated bars do not work wholly by adhesion, but mainly 
by the mutual pressure between the concrete and the steel at 
the surfaces of the corrugations. The patent under which 
these bars are manufactured includes all systems that work by 
the mutual pressure between 
the concrete and the steel. 


16. Thacher Bars. 
Fic. 6 Fig. 6 shows a Thacher 

bar, which is somewhat simi- 

lar to that shown in Fig. 5; it is nearly elliptical in cross-section, 
and has projections on two opposite sides; the projections occur 


REINFORCED CONCRETE 9 


at larger intervals than in corrugated bars. These projections 
assist in transmitting stress and in preventing slipping; but 
adhesion, too, is depended on to a certain extent. The Thacher 
bar is very much used. 


ee || 
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17. Kahn Bars.—Fig. 7 shows a Kahn bar as it is 
placed in the concrete. Fig. 8 shows an enlarged cross-section 
of the bar before the projections are bent up. This bar con- 
sists of a single piece of steel rolled to the cross-section shown 
in Fig. 8, both the square portion ¢ at the center and the thin 
edge pieces d being continued for the full length of the bar. Any 
desired length can be cut off, the edges sheared at several places, 


and these sheared pieces bent up in the manner cod 
shown at ain Fig. 7. These bars are used exten- 
sively in beams, columns, and floor construction, Fic. 8 


and give good results. They are far superior to the plain or 
straight bars, on account of the bent-up projections, or fins, 
as they may be called. These projections serve a double pur- 
pose in preventing any cracks in the portion of the concrete 
through which they pass, and in transmitting stress to the 
body of the bar. 


18. Cummings Bars.—In Fig. 9 is shown a set of three 
Cummings bars. Each bar is a single smooth round rod 
bent into the shape of a long rectangle. These bars are used 
in sets, as shown, and the ends are bent up so they will pass 
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diagonally across a beam and help in resisting diagonal stresses. 
When more than one bar is used in a beam, the widths of the 
rectangles are made unequal, so the bars will not be in con- 
tact, as in this way the concrete encloses each rod separately 
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and has therefore a good 
bond. When these bars 
are employed, one 
straight bar is usually 
inserted at the center of 
the beam near the bot- 
tom, and continued the 
entire length of the girder 
or beam without being 
bent up. 


19. Unit Concrete 
Steel Reinforcement. 
There are several sys- 
tems of reinforcing gir- 
ders that do not consist 
of single rods or bars, 
but of a number of dif- 
ferent shapes fastened 
together to form a frame 
or skeleton. This frame 
is surrounded and filled 
with concrete, and serves 
the same purpose as a 
number of separate 
pieces. Fig. 10 shows 
the unit girder frame, 
which may be taken as 
typical of this form of 
reinforcement. The 
main part of the frame 
consists of one piece d 
rolled to the shape shown 
in cross-section in Fig. 
10 (b); that is, four round 
rods connected by three 
thin webs a. About one-third of each of the two outside 
rods is sheared from the web, bent up at b, and continued 
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diagonally through the beam to h, where it is bent again 
and then continued horizontally near the top of the con- 
crete, as shown at e. For almost the entire length of the 
girder, the thin webs are punched at short intervals so that the 
concrete may pass through and get a better hold on the steel. 
The outside portion of the web at the ends, where the outer 
rods are turned up, is punched at intervals and bent down, as 
shown at c. To complete the frame, a number of U-shaped 
stirrups f are added. These stirrups pass under the main 
portion, and come up through the punched holes in the web. 
Those near the end are bent around the upper part e of the main 
rods; the others have holes in the top through which the rods g 
that reinforce the floor slab are passed. 


20. Expanded metal is a form of reinforcement that is 
manufactured from a plain sheet of steel. Fig. 11 shows a 


: 


Mane 


Pe 


sheet of steel partly expanded; the upper portion shows the 
unexpanded part of the plate, the lower portion shows the 
expanded part, and the horizontal lines in the plate just above 
the expanded part show where the sheet will next be opened out. 
Expanded metal resembles poultry netting, but is usually much 
heavier. It can be made from thick steel plates, and with 
either small or large openings. It is one of the best reinforcing 
materials for floor or other slabs subjected to bending stresses. 


21. Wire cloth consists of two systems of straight wires 
crossing each other at frequent intervals. The wires are some- 
times welded together at their intersections; sometimes a short 
piece of wire is twisted around each intersection; and sometimes 
the wires of one system are twisted around those of the other. 


12 REINFORCED CONCRETE 


METHODS OF CONSTRUCTION 


22. Floor Slabs.—Fig. 12 shows the customary method 
of arranging the concrete and steel reinforcement in a rein- 
forced-concrete floor slab. The reinforcement shown in the 
figure is expanded metal, but the arrangement is the same 
whether this material, wire cloth, or rods are used. The 
wooden forms are first built up with their top surfaces at the 
desired elevation of the bottom of the concrete. The rein- 
forcement is then put on top of them, and supported so that 
it is about 1 inch above the forms at the center of the span, 
and about 1 inch below the top of the concrete at the beams. 
When expanded metal or wire cloth is used, the required bend 
to accomplish the desired end can be readily obtained. When 
rods are used, it is necessary to bend them by means of a special 
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apparatus arranged for the purpose. In Fig. 12 the slab is 
shown supported by steel beams, but the principle is the same 
when reinforced-concrete beams are used. 


23. In many cases, when steel beams are used, the slab is 
so placed that its top is level with the top of the beams, as 
shown by the line e e in Fig. 13. The slab is then supported by 
concrete haunches a that extend down to and rest on top of 
the bottom flanges of the Ibeams. The concrete is frequently 
plastered on the bottom for the sake of appearance. Rein- 
forced-concrete floor slabs are frequently finished smooth on 
top with cement, and this surface is used as a floor. In many 
cases, however, wooden floors are used; these are laid as shown 
in Fig. 13. The strips b, commonly called sleepers, are laid 
flat on top of the floor slab, and the spaces between them are 
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filled with concrete. The wooden floor c is then 
nailed directly to the top of the sleepers. When 
the arrangement shown in Fig. 13 is used, the 
reinforcement is laid close to the bottom of the 
slab for its full width. 


24. Fig. 14 shows a patented style of floor 
slab that is intended to do away with the forms 
used in construction. These slabs can be manu- 
factured in a yard where there is plenty of room, 
hauled to the structure, and placed in position 
without the aid of any forms, except a few at 
the yard. The reinforcement shown in Fig. 14 
consists of straight rods; any other reinforce- 
ment might be used. The steel is allowed to 
project from the slab at b, and the portion of 
concrete at the lower part of the beam is put in 
after the slabs are in place. 


25. Beams.—The reinforcement in beams 
is usually placed near the bottom of the beam 
wherever there is positive bending moment, near 
the top of the beam wherever there is negative 
bending moment, and diagonally or vertically 
through the beam wherever there are shearing 
stresses. The horizontal reinforcement is usually 
placed from 1 to 3 inches from the surface of the 
concrete, and the required amount of metal is 
sometimes made up of a few rods of large cross- 
section, and sometimes of a larger number of 
bars of smaller cross-section. The latter method 
is the better, because the stresses are more 
evenly distributed through the beam when the 
steel is scattered. There should always be at 
least 2 inches between consecutive rods, how- 
ever, in order to allow the concrete to enter 
between them. 

Fig. 15 shows an outline of a simple beam, 
having the horizontal reinforcement a near the 
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bottom of the beam and the inclined reinforcement b to resist 
the shearing stresses. The inclined reinforcement is sometimes 
composed of separate rods; sometimes, the horizontal rods are 
bent up to form the inclined rods. The latter method is to be 
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preferred, as it is better to have the shear rods continuous 
with the others. Since the shearing stress is greatest at the 
end of the beam, the diagonals are placed closer together near 
the end of the beam than near the center. 
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26. When the ends of the beam are fixed, as when they 
are built into walls at the ends or are continuous over two 
or more supports, some reinforcement is placed near the top 
of the section. In some cases, the entire reinforcement near 
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the bottom is bent up and carried diagonally across the beam 
to the top, as shown in Fig. 16 in dotted lines. As a rule, 
however, it is preferable to use separate rods for the upper 
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reinforcement, as shown in Fig. 17. In many cases, the 
inclined reinforcement is left out, and the rods at the bottom 
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are not continued the full length of the beam. This is bad 
practice, and should be avoided. The upper rods should be 
bent down, and the lower rods bent up, the two sets alternating 
withreach other. "The-— 
upper rods should = 
continue for about 
one-quarter of thespan 
at each end. Fig. 18 
is a view of a beam 
with Kahn bars at 
both top and bottom, 
and with the shear 
bars or fins alterna- 
ting. 
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there is a great difference of opinion among engineers as to 
whether inclined or vertical shear bars are more efficient, there 
can be no question as to the necessity of making some pro- 
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vision for shear, since the shearing strength of concrete is but 
little greater than the tensile strength. When full-sized rein- 
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forced-concrete beams that are not provided with diagonal 
or vertical reinforcement are broken in a testing machine, 
there are found a large number of cracks; it is these cracks 
that finally cause the beam to break. They start at the 
bottom of the beam, and con- 

tinue upwards, so that when 

2 the beam fails they have an 

a appearance like the lines a in 
Fig. 19, being inclined down- 

wards toward the ends of the 

span. To prevent. these 

cracks, it is necessary to place 

rods in the concrete crossing 

them at right angles, as shown 

by the dotted lines in Fig. 19. 

This brings the rods at an in- 

Fics 20 clination of approximately 45° 

to the vertical. The cracks can also be prevented by means of 
vertical reinforcement. If inclined reinforcement is used it 
should be securely fastened to the horizontal rods to prevent 


slipping. 


28. Supports for Beams.—Care should be taken that 
the ends of beams at the supports are properly proportioned, 
so that the reactions that are concentrated there will not 
cause the ends to fail by crushing. The reaction at each 
support should be found and divided 
by the safe crushing strength of the 
concrete. The result is the area of 
bearing that should be provided. 
When the beam is built into a ver- 
tical wall, as shown in Fig. 20, the 
increased bearing may be obtained 
by corbeling out. In the figure, a 
is the beam, b the wall, c the point where the corner would 
be if the wall were not corbeled, and de the corbel. In this 
form of construction, the length of the corbel should be two 
or three times the width of the beam. 
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The bearing area may also be increased in the manner 
illustrated in Fig. 21, by using a flange or shoe a and vertical 
webs or diaphragms b. This bearing is advantageous only 


for very large beams or girders, and then the flanges a and 
the webs 6 should be not less than about 6 inches in thickness. 

Where a reinforced-concrete beam rests on a column, it is 
advisable to continue the reinforcing rods of the beam well 
into the column, and to continue those of the column through 
the beam and anchor them both securely as illustrated in 
Figs. 22 and 23. In Fig. 22, the beam is supported at each 
column; in Fig. 23, the beam is continuous. In the latter case, 
the rods c that are bent up to the top of the beam are often 
carried clear through the column into the next span, and the 
ends of these rods are sometimes split and opened, as shown, 


in order to afford the concrete a better grip. In both cases, 
it is customary to bevel or haunch the concrete at the bottom 
of the beam where it connects to the column. This affords 
greater stiffness to the connection. 
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29. Columns.—There are many methods of reinforcing 
columns. The steel is sometimes concentrated at the center 
of the concrete in the form of 
structural shapes, as shown in 
Fig. 24, but this is not con- 
sidered an economical nor 
otherwise desirable method. 
As a matter of fact, when this 
method is used, the steel is 
frequently designed to support 
the entire load, and the con- 
crete serves only to protect 
the metal from fire and to 
prevent it from buckling 

Fic. 24 sidewise. 

The usual method of reinforcing columns consists in placing 

rods vertically in the concrete close to the outside surface, as 
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represented in Fig. 25, in whick. (a) represents a square column 
with eight rods, (b) an octagonal column with eight rods, 
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and (c) a round column with sixteen rods. When this type 
of reinforcement is used, the size and number of the rods can 
be varied at will. Some engineers simply place the vertical 
rods in position and then deposit the concrete in the forms. 
This method of procedure is open to the objection that the 
tendency of the rods to buckle or deflect sidewise under com- 
pression is likely to cause the concrete outside of them to 
break off, thus allowing the rods to buckle 
and the column to fail. It is generally recog- 
nized at present that it is necessary to provide 
some means to hold the rods in line and pre- 
vent them from buckling. 


80. When Kahn bars are used in columns, 
the fins or projections extend into the heart 
of the concrete and perform the duty of keep- 
ing the bars in line in a more or less satis- 
factory manner. A perspective view of a 
column reinforced with four Kahn bars is 
shown in Fig. 26. When either plain rods or 
Kahn bars are used, however, the compress- 
ive strength of the concrete is not increased, 
although the load that the column can carry 
is somewhat greater than if there were no 
bars, since the steel will carry a certain pro- 
portion of the load. 

If a type of reinforcement that will hold 
the concrete in place is used, the compress- 
ive strength will increase and the column * 
will be able to carry a greater load even 
though there may be no vertical reinforce- Fic. 26 
ment. The type of reinforcement that accomplishes this 
object is called hoop reinforcement, and consists either of 
circular hoops having a slightly smaller diameter than the 
column, and placed horizontally in the concrete at. frequent 
intervals throughout the height, or of a spiral wire or steel 
rod wound around the column a small distance from the 
surface. These two forms are shown in Figs. 27 and 28, 
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respectively. This reinforcement does not carry any ver- 
tical load, but simply makes the concrete capable of with- 
standing greater compression. The true reason for this is not 
known, but it is generally assumed that the concrete is held in 
place by the reinforcement, somewhat like confined sand, and 
is prevented from failing until the stress on it is considerably 
higher than the ordinary ultimate strength of plain concrete. 
It has been concluded from experiments that a given amount 
of steel is much more efficient when placed as shown in Figs. 
27 and 28 than when placed as shown in Fig. 25. 
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31. Owing to practical difficulties in construction, neither 
of the above-described methods give entire satisfaction. The 
most satisfactory system of column reinforcement, and the 
method most frequently used in practice at the present time, 
consists of a combination of the vertical and hoop systems. 

Fig. 29 shows a portion of a square column with eight vertical 
reinforcing rods. At regular intervals throughout the height 
of the column, the rods are connected by wires running around 
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the separate rods and around and through the column. In 
many cases, flat steel or round rods larger than wire are used. 
The method shown in Fig. 29 can be used with patented as 
well as with plain bars. 


32. When smooth, round rods are used, the method shown 
in Fig. 30 is frequently employed. Flat bars p have round 
holes punched in the ends and are slipped down over the rods a. 
Four flat bars are placed in this way at frequent intervals 
throughout the height of the column. The distance between 
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two consecutive sets of bars should be not greater than the 
length of one bar. If the bars are placed too far apart, the 
rods may buckle and cause the column to fail. 

This arrangement is not so satisfactory as that illustrated in 
Fig. 29, for it is likely to create planes of rupture in the concrete 
where the flat bars are located, on account of the large area of 
steel compared with the area of the column. 


33. Fig. 31 shows a circular column with eight vertical 
rods wrapped with two layers of expanded metal. This is a 
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very convenient and practical method of reinforcing. The 
same method is frequently used with wire cloth in place of 
expanded metal. 


34. Fig. 32 shows the most popular type of column rein- 
forcement in America at the present time; it can be used for 
square, octagonal, or circular columns. The reinforcement 
consists of any desired number of rods or patented bars a 
placed vertically in the concrete, and spaced at equal distances 
apart in a cylindrical form. Before the forms are built up 
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around these rods, very heavy wire and in some cases 3}- to 
3-inch round rods b are wound spirally around the outside of 
the vertical rods. The spiral wire or rod is attached to the 
vertical rods at occasional intersections by means of small 
wire wound around them. This is simply for the purpose of 
holding the spiral and vertical rods in their proper positions 
while the concrete is being deposited. 


35. Footings.—Fig. 33 is a cross-section of a reinforced- 
concrete footing frequently employed under columns. Under 
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the pedestal a on which the column rests is sometimes placed 
a block of stone b, which rests on the square top of the con- 
crete footing c. The bottom of the footing should have the 
area required for bearing. Near the bottom of the concrete, 
reinforcing rods are placed in two directions at right angles 
to each other, as shown in the figure. The required area of 
steel in the footing and the depth of the concrete can be found 
in the same manner as for a floor slab; that is, by considering 
a strip 12 inches wide, and assuming that the load is uniformly 
distributed over the bearing area. 

Fig. 34 shows the difference between a reinforced-concrete 
footing (b) and a plain concrete footing (a) for the same load. 
The saving in excavation, concrete, and labor can be seen at 
once by comparing the two forms. The form shown in (b) is 
slightly different from that shown in Fig. 33, but the former is 
frequently used in practice. 


36. Piles.—Reinforced concrete has been used to some 
extent for both single and sheet piles. The details of con- 
struction for piles are, in a general way, similar to those for 
columns. Concrete piles possess the advantage that they do 
not rot like wooden piles, and are not affected either by fire or 
by wood-boring insects. Fig. 35 shows the top and bottom of 
one of the several forms used for reinforced-concrete piles. 
The lower end has a pointed shoe a, the side plates of which are 
turned in, as at b, that they may get a good grip on the concrete. 
The reinforcement shown in the figure consists of four rods d 
connected at intervals by wire, but any of the forms of column 
reinforcement described in the preceding articles may be used. 
In order to avoid breaking the top of the pile while it is being 
driven, the head is protected by a steel cap c filled with sand to 
form a cushion that distributes the pressure of the blow from 
the hammer. The diameter of the head is slightly less than 
that of the body of the pile. The reinforcing rods d are often 
continued beyond the top of the pile, in order to afford a means 
of connection with other parts. 


37. There are several styles of piles on the market that 
are not driven, but are dropped into a hole in the ground. 


REINFORCED CONCRETE 25 


One of the best of these is the Simplex pile. A long tube is 
first driven in the soil, the length and diameter being that of 
the desired pile. This tube is fitted with a concrete tip similar 
to that shown in Fig. 35. When the tube is driven to the 
desired depth, the reinforcement is lowered inside it and the 
tube is gradually withdrawn, leaving the tip at the bottom of 
the hole and the reinforcement in place. As the tube is slowly 
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drawn up, concrete is lowered inside it and deposited in the hole 
left by the ascending tube. 


38. Sheet Piles.—Some reinforced-concrete sheet piles 
are shown in Fig. 36. In detail of construction and method 
of manufacture there is very little difference between these 
piles and those described in Art. 36. Sheet piles are usually 
rectangular in cross-section, and pointed by beveling only one 
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side in order to keep them together while they are being driven. 
Each pile has a semicylindrical groove on each side where it 
will be in contact with the adjacent piles. After a pile is 
driven, a water pipe is driven alongside it in the groove, to 
serve as a guide for the next pile. When the next pile is 
driven, the pipe is withdrawn, and, if the sheet piles are to be 
permanent, the grooves are filled with cement and sand. 


39. Dock Construction.—Fig. 37 shows a form of dock 
construction now being used in the United States. The floor 
consists of a reinforced-concrete slab supported by steel I beams 
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that are entirely surrounded by concrete. These beams rest 
on piles made partly of wood and partly of reinforced concrete. 
From one to three piles are first driven; if there are more than 
one they should be driven close together. The outer casing 
of wood with steel bands is then placed around the cluster of 
piles, and the expanded metal or other fabric for reinforcement 
is placed in proper position inside of the casing. The casing 
is then filled with concrete. This form of construction is 
more expensive than the ordinary types, but it is proof against 
fire, rotting, and the attacks of wood-boring insects. The 
completed structure is very rigid, and is practically permanent. 
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To protect the edge of the dock and the sides of ships that put 
up toit, wooden piles are driven as shown at the right-hand side. 


40. Quay Wall.—fig. 38 shows a cross-section of a quay 
wall built at Boston by the United States Government. The 
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site for the wall was first excavated, and a crib of timbers put 
in the excavation, the spaces between the timbers being filled 
with concrete. The face and top of the wall were finished with 
concrete reinforced with very heavy sheets of expanded metal. 
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In order to protect the face of the wall, and also the sides of 
vessels that might come in contact with it, wooden piles were 
driven along the face. 


41. Sewers and Other Conduits.—Sewers and other 
conduits are often built of reinforced concrete. There are 
many forms of construction used for this purpose, a few of 
which are illustrated in Figs. 39 to 48. The reinforcement 
usually consists of expanded metal or other fabric, although 
rods and bars are sometimes used. On account of the irregu- 
larly shaped cross-sections of most conduits, expanded metal 
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is best adapted for this purpose. Fig. 39 is the cross-section 
of a conduit built in New Jersey to withstand considerable 
internal pressure; it has been found very satisfactory. The 
upper part of the conduit is 10 inches thick; the lower part is 
finished flat at the base in order to get a better bearing on the 
soil. The entire circumference is reinforced with expanded 
metal. 

Fig. 40 is the cross-section of a sewer built to carry drainage 
in Harrisburg, Pennsylvania. The concrete is 5 inches thick 
at the top and at the bottom, and 6 inches thick at the haunches. 
Expanded metal was inserted through the entire circumference. 
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Fig. 41 is the cross-section of an oval brick sewer built at 
Boston, Massachusetts. The trench was filled at the bottom 
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with concrete, in order to give the sewer a good even bearing. 
The location of the sewer is such that it is subject to internal 


pressure. Since the brick did not possess sufficient tensile 
strength, and the earth fill on top was not great, the ring ot 
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brick was covered with 
a layer of concrete 4 
inches thick rein- 
forced with expanded 
metal. The expanded 
metal was well an- 
chored in the mass of 
concrete at the sides 
of the sewer. 

Fig. 42 is the cross- 
section of a sewer 
built at Buffalo, New 
York. This is a very 
convenient form from 
the standpoint of ease of construction, but it requires more 
concrete and reinforcement than a sewer with a curved out- 
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line. The reinforcement in the sides consists of expanded 
metal; that at the top consists of expanded metal and rods. 
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42. Fig. 43 illustrates the method of placing the rods in 
the cross-section when reds are used for reinforcing a circular 
sewer. Owing to the difficulty of bending rods to irregular 
curves, they should not be used for reinforcement in a conduit 
whose cross-section has an irregular outline. 


FORMULAS 


RECTANGULAR BEAMS 


FUNDAMENTAL PROPOSITIONS 


43. Introduction.—The calculations required for the 
design of reinforced-concrete beams involve a great number of 
quantities, the relations between which are expressed by com- 
plicated formulas requiring tedious work for their use. In 
practice, various kinds of tables* are used for the purpose of 
obviating the laborious equations involved. It is necessary, 
however, to gain a clear conception of the nature of the different 
elements governing the design, and of their relative importance, 
in order to be able to use tables or formulas intelligently. 


44. Straight-Line Theory.—Many theories have been 
advanced as a basis for the design of reinforced-concrete beams, 
and it is not yet known which is most nearly correct. The 
theory set forth in this Section is known as the straight-line 
theory. The formulas derived from this theory are compara- 
tively simple, are considered to be conservative, and give 
results that agree closely with those of experiment. They 
have now been almost universally adopted in this country. 
Construction according to these formulas is specified by 
ordinances of many of our large cities, and they have been 
recommended in the Progress Report of a Joint Committee 


*The reinforced-concrete tables in this Section differ from others here- 
tofore published in being available for computations with any specified 
maximum unit stresses of steel and concrete. These tables, as well as 
many new formulas and terms here used for the first time, were originated 


by C. K. Smoley. 
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composed of members of the American Society of Civil Engi- 
neers, American Society for Testing Materials, American Rail- 
way Engineering and Maintenance of Way Association, and 
the Association of American Portland Cement Manufacturers. 
This committee was organized in 1904 for the purpose of 
investigating current practice and providing definite informa- 
tion concerning the properties of concrete and reinforced con- 
crete, and to recommend necessary factors and formulas 
required in the design of structures in which these materials 
are used. The mentioned Progress Report was published in 
July, 1909. Many other recommendations of the Joint Com- 
mittee will be given later. 


45. The following assumptions and principles, on which 
the straight-line theory is based, are practically the same as are 
used in the Sections on Strength of Materials for deducing the 
theory on which the design of ordinary beams is based, the 
modifications being due to the properties of the materials form- 
ing a reinforced-concrete beam. 

1. In general, when a beam is subjected to bending, it is 
deformed in such a manner that part of the material is com- 
pressed, or shortened, and part is extended, or elongated; these 
parts are separated by a surface called the neutral surface, 
where neither shortening nor elongation takes place. The part 
of the material that is shortened is under compressional stress 
and the part that is elongated is under tensional stress. Ina 
reinforced-concrete beam, for reasons given in Art. 7, the ten- 
sional forces of the concrete are neglected, it being assumed 
that the tension is taken entirely by the steel. Therefore, the 
material above the neutral surface acts in the same way as in 
an ordinary beam, and below the neutral surface the only mate- 
rial to be considered is the steel. It is also assumed that the 
stress in the steel is uniformly distributed over its sectional 
area, the thickness of the steel being ignored; in other words, 
the difference in intensity of stress between the upper and the 
lower fibers of the steel is neglected. When referring to the 
distance of the steel reinforcement from the neutral axis, 
the center of gravity of the steel section is meant. 
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2. In a section of an ordinary beam subjected to bending, 
there exists a stress couple formed by the resultant of all the 
compressional stresses on one side and of all the tensional 
stresses on the other side of the neutral axis. From the fore- 
going principle it is clear that in a reinforced-concrete beam 
the stress couple is formed by the total stress in the concrete, 
on one hand, and the total stress in the steel on the other, and 
since the forces forming a couple are equal, the total com- 
pression must be equal to the total tension; or, denoting the 
former by T, and the latter by T,, 


Te=i 
3. <A cross-section of a reinforced-concrete beam subjected 
to bending is shown in Fig. 44 (a). If the distances x, x’, x”, 


EO Ix F 


(a) 


Fic. 44 


etc., in (b) are laid off as ordinates (OA,OA’, OA”, etc.) and the 
corresponding unit deformations @,, ¢,’, é,”, etc., at the points 
A ALAA etc# as abseissas (AB; AB’, A” B-,. etc.); sothat 
AB=e,, A’ B’=e,', etc., the points B’B’, etc. will lie in a 
straight line. Since the triangles ABO, A’B’O, etc. are 
/ Yu 
similar, See which means that the deformations at 
gh Hotel 
different points in a section of a beam are proportional to the 
respective distances of these points from the neutral axis. In 
a reinforced-concrete beam this principle applies also to the 


steel, so that if e, is the unit elongation of the steel and y its 
; ee et ee 
distance from the neutral axis, one may write “= a etc. 
yy 
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4. The modulus of elasticity of a material has been defined 
in the Section on Strength of Materials, Part 1, as the ratio of the 
unit stress to the unit deformation. This ratio, for any given 
material, is assumed to be constant within the elastic limit. 
If, therefore, f,, fx’, f,’’, etc., are the unit stresses in the con- 
crete fibers distant x, x’, etc., from the neutral axis, /, the unit 
stress in the steel, E, and E, the moduli of elasticity of concrete 
and steel, respectively, then, according to this definition, 

/ 
lop. te om, Go. “Hence, f.=e, Eo fae,’ Dividing 
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Cx x 
4 : e 
the first of these two equations by the second, gives a 3 
If 
but according to the principle given in paragraph 3, 2a. 
x 
er 5 ae ; 
hence, —_=—, and therefore —==—. It follows from this 
e,/ x’ Ve x! 


that for one and the same material (in this case the concrete) 
the intensities of the stresses in different fibers are propor- 
tional to their corresponding distances from the neutral axis. 
In the diagram of Fig. 44 (c) f,, f,’, etc.,. are laid off at the 
corresponding distances x, x’ from the neutral axis, and it 
is evident from the foregoing that FO will also be a straight 
line. It must not, however, be inferred that, if the line FO 
is produced to intersect RN, the line RN (=/,) represents 
the unit stress in the steel. That this is not so may be seen 
from the following reasoning: From the definition of the modu- 
lus of elasticity, f,=e,E;, and if a point is taken in the con- 
crete at the same distance from the neutral axis as the steel, 
the stress in the concrete at that point will be /,=e, E,, 
in which e, is the corresponding unit deformation. Dividing 
the former equation by the latter and noting that according to 
the principle given in paragraph 3, ey=e,, there is obtained 


Is ae and if the ratio fe is denoted by Wis =n; hence, f,=n fy. 
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The unit stress in the steel is, therefore, n times as great as that in 
a fiber of concrete located at the same distance from the neutral 
axts as the steel. 
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46. Position of Neutral Surface.—Let x, Fig. 45, be 
the distance of the top C D of a reinforced-concrete beam from 
the neutral axis B E; A, the total area of steel reinforcement; 
6, the width of the beam; and d, the distance of the steel from 
the top of the beam. This distance d is usually called the 
effective depth of the beam, and the area bd the effective 
area of the section. A, the area of the steel, is usually expressed 


as a fractional part of bd by introducing a coefficient p= ; 


the ratio of the area of the steel to that of the concrete. Hence, 
A=pbd. If, for example, b=10 inches, d=15 inches, and 
p=.005 the area of steel used is .005X1015=.75 square 
inch. The area of the steel is sometimes also expressed as a 
percentage of bd, which is equal to 100 p. For instance, in the 
example just given, the 
area of the steel used is 
3 per cent. of bd. It is 

1 also convenient to ex- 
cS lie press x as a fractional 
part of d by denoting 


the ratio : by k; hence, 
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g=k.d. 
; b SEEN i The method of deter- 
Fic. 45 mining the position of the 


neutral surface will now be shown. Ina homogeneous beam the 
neutral axis passes through the center of gravity of the section. 
A section of a reinforced-concrete beam may be treated as a 
homogeneous section, if the steel is considered to be replaced 
by a narrow strip of concrete having an area just sufficient to 
produce the same effect as the steel in resisting bending 
moment. The section may then be treated as if it consisted 
of the shaded areas, Fig. 45, andis called a transformed sec- 
tion. If A, is the equivalent area of concrete substituted for 
the steel, and, as before, f, is the intensity of stress in the steel 
and fy the intensity of stress in the concrete at the distance y 
from the neutral axis; then, since the total stress in the steel is 
T,=A f,, the area A, must be such as to satisfy the condition 
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A,fy=Af;. Substituting for f, its value derived at the end 
of Art. 45, A, f,=A 1 fy; hence, 


A,=An "(1 


If, therefore, it is conceived that the steel is replaced by a 
strip of concrete having the area An, the section becomes 
homogeneous, and its neutral axis must pass through its center 
of gravity. To find its position, take moments about the line 
CD, remembering that the area MBEF is disregarded. 
The moment of BCDE is x pxe ae, the moment of the 
equivalent area substituted for the steel is AnXd. The sum 
of these moments must be equal to the product of the total 
area x b+A n by x, the distance of the neutral axis from CD. 
Therefore, 


+A Pe CEM 


Substituting for A its value pbd, and solving for x, 
=a VP? nvt2pn—p n) ; 
hence, 


sak VP w+2pn—pn (2) 


This formula shows that the position of the neutral axis 


depends only on pand x. As will be remembered, p= “ and 


E 
a E, has an average value of 30,000,000 pounds per 


c¢ 
square inch, but E, varies greatly with the mixture of the con- 
crete, its age, and the workmanship. The value of 7 is usually 
specified in building ordinances. For the values of n commonly 
used in practice, Table I, which appears at the end of this Sec- 
tion, gives the values of k by intervals of .0002 from p= .0002 
to p=.02. 


EXAMPLE.—In a section of a reinforced-concrete beam let b=12 inches, 
Z7=15 inches, and A=2.16 square inches. Find the position of the 
neutral axis for n=12. 
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2.16 
SOLUTION.—Here eos Substituting known values in 


formula 2, 

k= V.012?X12?+2X.012X12—.012 X12 =.4116 
In Table I for n=12, this value of k may be found directly in the same 
horizontal line with p=.012. The distance of the neutral axis from the 
top of the beam is therefore x=kd=.4116X15=6.17 in. Ans. 


It is well to note in Table I that & increases with p, the 
amount of steel used. 


EXAMPLES FOR PRACTICE 


1. If 6=18 inches, d=36 inches, A =3.24 square inches, and n=15, 
find, by formula 2, Art. 46, the distance from the top of the*beam to its 
neutral axis. Ans. 114 in. 


2. In a certain beam b=15 inches, d=24 inches, A=3.6 square 
inches, and 7=15. Find the value of k by use of Table I. 
Ans. k=.4179 


47. Total Stress in Concrete and the Center of Com- 
pression.—It has been explained in Art. 45 that the total 
stress in the steel and the total stress in the concrete form a 
couple, and an expression has been found for the total stress 
in the steel, which is 

T,=A f;=pbdf, (1) 

To find an expression for the total stress in the concrete, 

consider the beam section shown in Fig. 46. In (0), f, is the 


Fic. 46 


intensity of stress in the outermost fibers. Since, by the 
principle given in paragraph 3, Art. 45, F O is a straight line, 
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the average intensity of stress, that is, the average stress per 
unit of area, is fs and the total stress on the area b x is 
ple fk bd (2) 
2 2 
To find the distance of this resultant force from the top of 
the beam, consider an area PQ UV in which Q U=PV=1. 
The total stress on this area, in which b equals unity, is, by 


formula 2, a But this expression also represents the area 


of the triangle E OF; therefore, the force acting on the area 
PQUV may be considered as concentrated at the center of 


gravity of this triangle, which is distant ; from EOF. To get 


the expression for T,, the force on the total area PQRS, ha 


must be multiplied by b, which means the adding toP GQ UV 
of as many other rectangles, such as UV U’V’, in which 
U U’=unity, as there are units in b. Since, in each of these 
areas, the center of pressure is on the line HL, the point of 
application G of the resultant pressure must also be on this 
line. Hence, the distance of 7, from the top of the beam 


is 3 and from the center of the steel is 


Dad—"=d—"8-a(1—2) (3) 
su 18 3 


This distance D is the lever arm of the stress couple, and is 
usually expressed as a fractional part of d, so that D=7 d, where 


po Combining this with formula 3, 
d. 


ja1-% (4) 


The value of 7 is also tabulated in Table I for each value of 
p therein contained. 


EXAMPLE.— What is the value of j in the example of Art. 46? 
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SOLUTION.—Substituting in formula 4 for k the value .4116 found in 
, 4116 
that example, el esi an Ans. 
I 


In Table I for n=12, this value of j may be found directly in the same 
line with p=.012 and k=4116. 


EXAMPLES FOR PRACTICE 


1. Ina certain beam 6=10 inches, d=20 inches, A =1.2 square inches, 
and n is taken as 15. Find by the formulas in Arts. 46 and 47 the 
value of 7. Ans. j7=.8854 


2. In a certain beam b=12 inches, d=20 inches, 4 =1.68 square 
inches, and is taken as 12. Find the length in inches of the arm of 
the resisting couple by the use of Table I. AMS l(a (deat 


48. Working Resisting Moment.—The bending mo- 
ment, that is, the moment of the external forces acting on 
a beam, is resisted by the moment of the stress couple, which 
is the resisting moment of the beam. Since 7,=7,, if M 
denotes the bending moment, M=T,jd, and also M=T, jd, 
or, using the values of T, and T, previously derived, 


M=“lo@f, (1) 


and M=pjbd’f, (2) 

Letting "! =C,, and pj=C, and substituting, formulas 1 
and 2 become Me=C,b df, (3) 
and M=C, b d? fs (4) 


Formulas 3 and 4 have the same form as the formula for 
the bending moment of an ordinary beam, which is M=§ ba’ f, 
C, and C, corresponding to the coefficient §. As is well known, 
the expression % b @? is called the section modulus of the beam. 
In this Section, C,b d? and C, bd? will, accordingly, be called 
the section moduli for concrete and steel, respectively, 
andC, andC, the section moduli coefficients for concrete 
and steel, respectively. It must be kept in mind that 
these coefficients are variable, depending on p, or the amount 
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of steel used. C, and C, are tabulated in Table I for each 
value of p therein given. 


ExAmpLe.—Find: (a) the section moduli coefficients and (0) section 
moduli for steel and concrete for the section given in Art. 46. 


SotuTion.—(a) Here p=.012, k=.4116, j=.8628, b=12, and d=15. 


.4116 X .8628 
Therefore, — oe Sa live, ANS 


C,=.012 X .8628=.01035. Ans. 


These values of C, and C, will be found in Table I for n=12, opposite 
p=.012. 

(b) Since 6 d?=12X15?=2,700, the section modulus for concrete is 
1776 X 2,700 =479.5. Ans. 

Section modulus for steel is .01035 2,700 =27.95. Ans. 


Equations 8 and 4 furnish the fundamental formulas for 
designing and investigating reinforced-concrete beams; their 
analysis and practical application, however, will be shown to 
better advantage in subsequent articles after certain addi- 
tional principles have been introduced. 

Formula 4 can sometimes be used with advantage in the 
following modified form: 

since 7,=A f, and M=T, 7d, 


M=Ayjdf, (5) 


In this formula the section modulus is A 7 d. 


EXAMPLES FOR PRACTICE 


1. Calculate the section moduli coefficients for a beam for which 
p=.01, 7=.8607, and k=.4179. a epee cond 
PNA 798 


2. Calculate the section moduli for steel and concrete for a beam 
when p=.007, 7=.8783, k=.3651, b=14 inches, and d=20 inches. 
in ewe in. ? for concrete 
“(34.4 in. 3 for steel 
3. Find from Table I the section moduli coefficients for a beam 
when p=.008 and n=15. A C, = .006975 
* { C, = .1676 
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49. Economic Ratio of Steel.—The economic design 
of a structure requires that all parts have a uniform degree, 
or factor, of safety. If, for instance, in a steel structure that 
is specified to carry 15,000 pounds per square inch, some 
members are developing only 10,000 pounds per square inch, 
the superfluous material is not only a waste but adds a dead 
load that has to be carried by the structure. As there are 
two materials in a reinforced-concrete beam, the principle of 
economic design requires that they both develop their maximum 
allowable unit stresses under the same load. Since, as the 
subsequent analysis will show the relative stresses on the two 
materials depend only on p, the principle just stated requires 
that the two materials be employed in a definite proportion. 
If not enough steel is used, this material will reach its maximum 
allowable stress first, and the beam cannot be loaded further 
so as to develop the allowable unit stress in the concrete, 
because that would overstress the steel. On the other hand, 
if too much steel is used, the strength of the beam will be 
limited by the concrete, which would develop its full strength 
before the full strength of the steel could be brought into play. 
That steel ratio at which both materials can be stressed under 
the same load to their specified unit stresses is called the 
economic steel ratio, and will be designated by p,. It is 
also called sometimes the economic percentage of steel, 
meaning then 100 p,. Sometimes it is also referred to as the 
critical value of steel. It must be borne in mind that the 
economic ratio of steel is a relative term referring to definite 
allowable unit stresses. As the latter vary greatly, it cannot 
be fixed once for all. 


50. Position of Neutral Axis for Economic Ratio 


fs 


of Steel.—The ratio~*, of the unit stresses actually produced 
Cc 
in a reinforced-concrete beam under any loading and corre- 


sponding to any value of p, will be here called simply the 
stress ratio, and designated by r. In order to locate the 
neutral axis when the economic ratio of steel is used, an alge- 
braic expression for k in terms of r will first be deduced. 

IL T 31sC—19 
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By the principle explained in paragraph 4 of Art. 45, 


fo=esEs 

and fo=eck, 
Dividing the former equation by the latter, pals oXks : 
fo XE, 
or, using the previous notation, pe Sn, Noting that by 


@ 


principle in paragraph 3 of Art. 45, “se and substituting, 
x 


€ 
r=2Xn. Transposing, sig: hence,* UDR a re by 
a ge Mile Fa a a eg al 
the relations established in Art. 46, Esato ee 5 
sty d 
Therefore, pe (1) 
en ot 4 


This formula gives k in terms of r if m is considered as a 
constant. Although very simple, this formula is of no general 
practical value in determining the position of the neutral axis; 
because f, and f,, and consequently r, cannot be known, gener- 
ally, before k is determined. The formula can, however, be 
applied with advantage for the case when the economic ratio 
of steel is used, because in that case r is the ratio of the speci- 
fied unit stresses and is known beforehand. 


Note.—To avoid confusion and repetitions, all the values correspond- 
ing to p., and derived from it will hereafter be distinguished by the usual 
letter, to which the subscript e will be added. 


Applying formula 1 to the case when the economic ratio of 


steel is used 7 | ene (2) 


EXAMPLE.—Find the location of the neutral axis in a beam in which 
d=18 inches, the maximum unit stresses being 15,000 pounds per square 


*If four quantities are in proportion, the first is to the sum of the first 
and second as the third is to the sum of the third and fourth. Thus, in the 
proportion 3:5=7:x, 3:(3+5)=7: (7+x.) From either proportion, 
*=112. Henee ify at 5 
ea Gey 6 
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inch for steel and 500 pounds per square inch for concrete, when the eco- 
nomic ratio of steel is used. Use n=15. 


15,000 

SoLuTIon.—To apply formula 2, substitute for r, the value ; 0 
15 

=30. Then, Pacem ae Therefore, the distance of the ESET axis 


from the top of the beam is 
x,=k,d=4X18=6in. Ans. 


EXAMPLES FOR PRACTICE 


1. Find the neutral axis in a beam for which b=10 inches and d=16 
inches when the economic ratio of steel is used. The maximum tensile 
stress in the steel is to be 16,000 pounds per square inch, and the maxi- 
mum compressive stress in the concrete is to be 650 pounds per square 
inch. It is assumed that n=15. Ans. 6.06 in. from top 


2. In a certain beam the stress in the concrete is to be 500 pounds 
per square inch and the tensile stress in the steel is to be 12,000 pounds per 
square inch. If »=15, what is the value of k,? Ans. k,=.3846 


51. Determination of Economic Steel Ratio.—For- 
mula 2 of the preceding article affords an indirect method of 
determining the economic steel ratio by means of Table I, 
because when k, has been found the corresponding value of 
p in the table will be the economic ratio. For instance, in 
the example of the preceding article the nearest value of p 
corresponding to k=.333 is given in Table I as .0056, which 
is the economic steel ratio. It is, however, desirable to have 
a direct formula for this purpose. Referring to formulas 3 
and 4, Art. 48, which are 


M=C.bd f,, and M=C,b da f,, 
f, and f, are here the stresses produced by the external 
moment M. Since M is the same in both equations, it follows 


that CG, bd f,=C, od’ f,, hetice BaF, which shows that the 


c Ss 
stress ratio equals the inversed ratio of the section moduli 


coefficients, or 


f= (1) 
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: kj 
Putting in this equation for C, and C; their values = and pj, 


respectively, and canceling, 


eit (2) 
2p 
J k 
Solving for p, ~=— (3) 
aT 
Substituting for k its value in formula 1, Art. 50, 
n 
a ee 4 
¢ 2r (n+r) 


Applying this formula for the case of the economic ratio of 
steel where r is given, 


Pe 


Le et 
27. (n+re) 


EXAMPLE.—Find the economic ratio of steel for the maximum allow- 
able unit stress of 12,000 pounds per square inch for steel and of 500 
pounds per square inch for concrete, when »=8. 


(5) 


12,000 
SoLution.—Applying formula 5, and substituting n=8 and r,= 500 . 
= 24, 8 
De OLAS: 
2X24 X (8+24) 


EXAMPLES FOR PRACTICE 


1. Find the economic ratio of steel for the maximum allowable unit 
stresses of 16,000 pounds per square inch for steel and of 650 pounds per 
square inch for concrete, when n=15. Ans. .00769 


2. Find the critical value of p when F,=15,000, F.=500, and n=15. 
Ans. .00556 


52. Economic Steel Ratio by Table I.—To obviate 
the use of formulas for the computation of p,, the columns 


headed iS of Table I have been provided. They give the 


c 


stress ratios as calculated by formula 2 of the preceding article 
for the corresponding values of p, and can be made the basis 
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for reading the value of » from a given r. Since, for the 
critical value of , the stress ratio coincides with the ratio of 
the maximum allowable unit stresses 7,, when a value in the 
column of r of Table I is found that is equal, or nearly equal, 
to r,, the corresponding value in the column of p is equal, or 
nearly equal, to p,. To find, for instance, the economic steel 
ratio in the example of the preceding article, look in 
Table I for »=8, in the column 7, for the number a a2, 


and the corresponding will be found as .0052. 


PRACTICAL APPLICATION 


53. As stated before, formulas 3 and 4, Art. 48, which 
are M=C,bd’?f, and M=C,bd’f, furnish the fundamental 
equations for designing and investigating rectangular rein- 
forced-concrete beams. Their application will now be shown. 
It will be remembered that in these formulas f, and f, are the 
actual stresses induced in the beam by the bending moment M. 
In practice, these stresses are rarely required, but if needed, 
these formulas are available for their determination. It is 
of far greater importance, however, to express these formulas 
in terms of the maximum allowable unit stresses. Let these 
unit stresses be denoted by F, and F,, which may or may not 
coincide with f, and f,. Now, as has already been explained, 
when the economic steel ratio is used, both the concrete and 
the steel reach the maximum allowable unit stresses under the 
same load, while if any other than the economic ratio is used, 
one of the materials will be stressed to its limit under a 
smaller load than the other. If therefore, FP, and F, are sub- 
stituted in the formulas under consideration, the resulting M 
will be the same in both formulas only when the economic steel 
ratio p, is used. For any other proportion of steel the results 
will not be equal; and if designated by M,; and M,, respect- 
ively, the formulas become 


M,=C,b@F, (1) 
M,=C;b@F, (2) 
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If the steel ratio is less than p,, F, will be reached under a 
smaller load than F,, consequently M/, is then smaller than M,, 
and to assure the safety of the design, formula 1 must be 
employed; if the steel ratio exceeds p,, formula 2 is used. 

It is obvious that when the economic steel ratio is used 
M,=M,. In this case either formula will give the same 
result and one may be employed to verify the other. 

It must be kept in mind, that in formulas 3 and 4, Art. 48, 
M designates the bending moment, that is, the moment of the 
external forces; it must therefore be one and the same in both 
formulas, while in formulas 1 and 2 of this article M, and M, 
are the resisting moments of the steel and concrete, respect- 
ively. This is the reason why they may differ from each other. 
When applying the latter formulas to practical problems, the 
bending moment is equated to M, or M, according to which 
is the smaller. 


PRACTICAL EXAMPLES 


54. Table ¥.—In the foregoing all the principles and 
formulas required for use in designing and calculating rein- 
forced-concrete rectangular beams have been provided. As 
has already been demonstrated, the work is greatly facilitated 
by the use of Table I. Its chief advantage is in its being 
available for any specified unit stresses. It has been compiled 
to four significant figures, but three and in a great many cases 
two significant figures will be sufficient. As it is well to have 
an idea of the accuracy of the results obtained by the use of 
these tables it may be stated that the maxirnum errors when 
four, three, or two significant figures are used are, respectively, 
go per cent., 3 per cent., and 5 per cent. of the true results. 
In the following examples three significant figures will be used 
in most cases. 


55. To design a Beam.—When a beam is to be designed, 
the dimensions of the section and the amount of steel will 
be the unknown quantities, the other data being given. Three 
cases will be considered. 
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Case I.—Given M, n, F,, F, required b, d, and the amount 
of steel to be used. This is the case most frequently occurring 
in practice. As the percentage of steel is not specified, the 
economic ratio will be used and either formula 1 or 2, Art. 53, 
applied, for which purpose C, or C, will be needed. If Table I 
is used, the latter are taken directly as the values corresponding 


to pee If formulas are employed, the procedure is as 


follows: First calculate k, from formula 2, Art. 50, which 


is k=: then by formula 3, Art. 51, p,= he ; next, by 
N+ 27, 


formula 4, Art. 47, ja1—Zs finally from the equations of 


Art. 485°C, = .45-and Cals 

When C, and C, have been computed, formulas 1 and 2, 
Art. 58, can be applied. As all quantities except b and d 
will then be known, the problem is solved essentially in the 
same way as in the case of an ordinary beam; namely, one 
dimension is assumed and the equation solved for the other. 
If b is assumed, then 


M 
d=,/ 2 1 
Ol ie @) 


M. 


C= 2 

“a! Ls a 
If d is assumed, the formula for b is 
pee (8) 
Cra ie 
M 

b= —_ 4 

or, C@F, (4) 


The economic ratio of b to d depends on the percentage of 
steel used, the ratio of cost of steel to cost of concrete per unit of 
volume, and other factors, and cannot be expressed in a formula 
that would be convenient for practical use. In practice, the 
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conditions of the design will usually determine one or the 
other dimension. When this is not the case some engineers 
make b about one-half of d. When 6 is small in comparison 
with d, there is danger of the beam failing by diagonal tension, 
as explained in a subsequent article. 


If 6 is made equal to - the preceding formulas become. 


respectively : OM. 
CaF 
lou, 
: d=.~/——* 6 
or C.F, (6) 
d 
d =- 7 
an ; (7) 


When b and d have been computed, the amount of steel A 
is, from the equation of Art. 46, A=p, bd. 


EXAMPLE.—Design a reinforced-concrete beam to resist a total maximum 
bending moment of 2,000,000 inch-pounds, taking F,=16,000 pounds per 
square inch, F,=600 pounds per square inch, and n=15. 


F, 16,000 
SoLuTION.—In this case, f= Sa = 26.67. Then, by formula 2, 
Art. 50, #,=— ze 360; by formula 3, Art. 51 fe 
i c= ==) =>, ; Oo a rt. er 
J 9 ee ntr, 15+26.67 a : 2 Cares 
360 k 360 


=a = 00675: by formula 4e Arta T) fel wl ee 
226.67 Sra, aka ao 3 ap pees 


Then, substituting these values in the equations of Art. 48 for C, and C,, 


The values of C, and C, corresponding to r, could have been taken 
directly from Table I for n=15. Here, r,=26.67, and the nearest value 
of r in the table is 26.55. Looking in the same horizontal line it is 
found that C,= .00598, and C,=.159, to three significant figures. It will 
usually be sufficiently accurate to take from the table the values of C, 
and C, corresponding to the value of 7 that is nearest the calculated value 
of r,. For greater accuracy in important work, however, values of C, 
and C, corresponding to intermediate values of r can be determined from 
the table by interpolation. In this case, it is found by interpclation 
that C,=.00594, and C,=.1584, as calculated. 
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One dimension of the beam is now assumed, and the corresponding 
formula of this article applied for the other dimension. Taking 
b=20 inches, and applying formula 1, 


Tope  me 2,000,000, 
C,b F, \.005942016,000 
M 2,000,000 
Usaevountla 2 h hoe : | a 39:4. Sn: 
Bo Dine ate are C.bF, N1584x20X 600 pe 


as before. 
For the area of steel, apply the equation of Art. 46, 4 =p, bd=.00675 
X 20 X 32.4 =4.37 sq. in. 


It must be borne in mind that, as has been established in 
Art. 46, d signifies the effective depth of the beam, meaning 
the distance of the center of the steel from the top of the beam. 
To find the total depth h, Fig. 45, a certain amount z must 
be added to d, which varies from about 1 to 2 inches, according 
to the character and size of the beam. This matter will be 
discussed in detail later. 


EXAMPLES FOR PRACTICE 


1. Design a beam by use of the formulas to resist a total moment of 
1,000,000 inch-pounds. F, must not exceed 15,000 pounds per square 
inch and F, must not exceed 500 pounds per square inch; n is taken at 


15; and it is assumed that b=15 inches. { d= 30 in. 
Ans. ; 
A =2.5sq. in. 


2. Design, by using Table I, a beam to carry a total load, including 
its own weight, of 1,000 pounds per foot over a span of 24 feet. Use 
F,=12,000 pounds per square inch, F,=400 pounds per square inch, and 


n=18. Assume that d=380. 6=14-7 im. 
Ans {jp 1 sain, 


Case I1.—In the preceding case in designing a reinforced- 
concrete beam, the critical value of steel was used. The 
designer will always do so whenever he is free to select the 
steel ratio. Conditions, however, often occur necessitating 
the use of other than the economic steel ratio. As explained 
before, when the steel ratio is less than p,, the concrete will 
not develop its full strength without overstressing the steel, 
and when the steel ratio is greater than p,, the full strength 
of the steel cannot be utilized without overstressing the con- 
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crete. Since the steel is a material that can be more relied 
on and is also more expensive than concrete, it is desirable 
to develop the full strength of the steel rather than that of 
the concrete. It is for this reason that good designers avoid 
using steel above the economic percentage. Sometimes, 
however, it cannot be avoided. 

As in Case I, let M, n, Fs, F, be given and let it be required 
to design the beam with any value of p. It is clear from the 
foregoing that when p is less than p, the strength of the steel 
will govern the design, and the beam must be designed by 
formulas 1 and 3; whereas, when p is greater than p,, the design 
will depend upon the concrete, and formulas 2 and 4 will 
have to be applied. The procedure is, therefore, as follows: 


First determine tots then obtain p, either from Table I 


or by formula 5, Art. 51, which is bi ep re ———, -Then, 
2, At te) 
if p is less than p,, take from the table, or calculate by the 
method given in Art. 48, the value of C; and use formulas 1 
and 8. When ?# is greater than p}, C, is determined and 


formulas 2 and 4 applied. 


EXAMPLE 1.—A certain beam must resist a bending moment of 500,000 
inch pounds. It is decided to make p=.004, F,=17,000 and F, 
=600 pounds per square inch, n=12, and d=22. Find 5 and A. 


17,000 : 
SOLUTION.—Here 17,= 600 —=28.33. Then, applying formula 5, 


n 12 
Art. 51, £,= oe eee = 928.33 X (12-428.33) 2 0°* Or, using 
Table I for n=12, the nearest value of 7 is 28.49, and the corresponding 
value of p is .0052. The given value p=.004 is less than the economic 
percentage, and the steel therefore governs the design; that is, formula 3 


must be applied to determine the value of 6. From formula 2, Art. 46, 


k= Vp? n? +2 p n— p n= V.004 X 127 +2 X 004 X 12 — .004 x 12 = .266. 


Rk 266 
From formula 4, Art. 47, poi ee .9118. Then, from the 


oO 
equation of Art. 48, C,=pj7=.004X .9113 = .003645. 
In Table I for n=12, opposite p=.004, it is found that C,=.003646. 
500,000 
Now, applying fo Lames ie == Sl i 
PRIVINE SOME S61 OO3BESK 2 TODO Rees alle 9 ae 
the equation of Art. 46, d=pbd=.004X16.6X22=1.46 sq. in 
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EXAMPLE 2.—Design a beam to carry a load, including its own weight, 
of 1,800 pounds per foot, over a span of 18 feet. The following values 
are to be used: F,=18,000, F.=700, p=.008, and n=10. 


SOLUTION.—First find 7, and p, in order to determine whether or not 


the percentage of steel is above the economic percentage; ee 
n 10 
=25.71. Then, p,= =.00545. Or, in 


2r,(n+r.) 2X25.71X (10+25.71) 
Table I for n=10, the value of r nearest to 7, is 25.84, and the correspond- 
ing value of p is .0054. As the value of is greater than the economic 
percentage, the concrete governs the design, and formula 2 or formula 4 


must be used. Proceeding as_ before, k= V.008? 1022 .008 10 


328 
—.008X10=.328. Then, 7=1 see 891. From the equation of 


p— 00S C=. TAG: 
Assuming 6=16 in., d is obtained by means of formula 2. Here, 


1,800 X18? 
= =72,900 ft.-Ib. =874,800 in.-lb. Then, 
7 oC 
=> a eee 23 in. 
146 X16 <700 


For the amount of steel, 


A=pbd=.008 X 16 X23 =2.94 sq. in. 


EXAMPLES FOR PRACTICE 


1. In designing a beam take p=.006, F,=12,500; F.=450, n=20, 
M=700,000 inch-pounds, and d=25 inches. Find 6 and A. 


Zz peti in. 
8-4 =2.55 sq. ih. 


2. Ina certain beam p is to be taken as .009, F,=15,500, F.=550, 
n=15, and b=12 inches. Determine d and A, when M=350,000 inch- 


pounds. { d=17.5 in. 
$0814 Sa eo leavans 


Case III.—It sometimes occurs that the dimensions of a 
beam section, 6 and d, are fixed, and it is required to find the 
amount of steel to be used for a certain bending moment M, 
when n, F,, andF, are also given. The solution of this problem 
by formulas is quite complicated but it is readily solved by 
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means of Table I. Since it cannot be foreseen whether the 
amount of steel required is above or below the economic ratio, 
it is not known which of the fundamental formulas M,=C, b a’ F, 
or M,=C,bd?F, governs the design. When Table I is used 
it is most expeditious, in this case, to determine p by the aid 
of both formulas and adopt the greater quantity. Substituting 
for M, and M, the known bending moment M, and solving 
forC; and C,, 


Cs = ris (8) 
b dF, 

aad Cie nO) 
b PF, 


Now, referring to Table I, there will be found a value of 
p corresponding to each coefficient, of which the greater should 
be selected. 


EXAMPLE.—A beam is to resist a bending moment of 800,000 inch- 
pounds. If b=18 inches, d=27 inches, F,=12,500, F.=500, and n=15, 
what is the amount of steel to be used? 


SoLuTION.—Substituting the known values in formula 8, 


M 800,000 


C= => 
b@ F, 18X27? 12,500 


= 00488 


From formula 9, 
M 800,000 
C,=———- = ———— = .122 
b@ F, 18X27?X<500 

In Table I for n=15, it is found that for C,=.00488 the value of p 
is between .0054 and .0056, and for C,=.122, p is between .0032 and 
.0034. The value corresponding to C,, being the greater, should therefore 
be used, and by interpolation p=.0055. The required amount of steel 
is, therefore, A=p bd=.0055 X18 X27 =2.67 sq. in. Ans. 


When convenient tables are not at hand, the following 
method by formulas may be employed: First determine the 
bending moment that the beam is capable of resisting if the 
economic percentage of steel were used. Let that moment be 
denoted by M,. IfM, is less than the given bending moment M, 
this will show that the amount of steel required is greater than 
the economic ratio; consequently, the concrete governs the 
design. Therefore, having determined the value of C, by 
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formula 9, the exact amount of steel must be such as to satisfy 


the condition cake, or C= (1-£)é Solving for k, 


pee eles (10) 


Formula 10 gives the exact position of the neutral axis of 
the beam, and the steel ratio p must be such as to insure this 


value of k. From formula 2, Art. 46, k= Vp? nv?+2 pn—pn. 
Solving for p, there is obtained finally, 


k2 
Poa —p) 
Knowing », the area of steel is A=p bd. 


(11) 


EXAMPLE.—Assume the same conditions as in preceding example, 
b=18, d=27, F,=12,500, F,=500, and n=15, but take M=1,200,000 
inch-pounds, and determine by the formulas the value of A. 


SOLUTION.—The economic percentage of steel must first be calculated. 


12,500 
Here, r,=———=25. Then, from formula 2, Art. 50, 2,= as 
500 n+r, 
Zs -oso, and ft f ul 3, Art. OL fg ae 0075 
SSS = om formula ee : 
15 +25 “aa AR ate EIA LILY: 
k, By 65) 


Then, j,=1-— ts aera = .875. Applying formula 2, Art. 48, 


M,.=p. j. bd F,=.0075 X.875 X 18 X 27? X 12,500 = 1,076,000 in.-Ib. 

This is less than the bending moment M=1,200,000 in.-lb, and 
the amount of steel required is therefore greater than the economic per- 
centage; that is, the concrete governs the design. From for- 


M 1,200,000 
ie (6 = ies Aey by formula 10 
ae bd F, 18X27? X 500 5, lsat as : 
3— V9-—-24 .183 427? 
= == f 1 11 ma es 
k 5 427, and from formula » p= 2x15xX(1— 427) 


=.0106. Hence, the required area of steel is A=pbd=.0106X18X27 
= Hilorsde i. 


If M, is greater than VM; that is, when the beam is capable 
of carrying more than M, when the economic ratio of steel is 
used, this will show that the amount of steel required is less 
than the critical value. The strength of the beam is then 
dependent on the steel and the exact steel ratio p may be 
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determined from the relation given in Art. 48, C,=p 7, where 
C, is the value of the section modulus coefficient as determined 
from formula 8. To solve this equation for p, 7 must be 
expressed in terms of p, and the solution then involves a cubic 
equation. For practical purposes, however, it is near enough 
to substitute for 7 the value of 7, corresponding to the economic 
percentage of steel; therefore, 


p= (12) 


The error resulting from this substitution is on the safe side 
and for the ordinary conditions of design it need not be con- 
sidered. If, however, a closer result is desired, a value of 7 
may now be determined, that is nearly exact, py using for 
this purpose the value of p as determined from formula 12. 


Applying formula 2, Art. 46, k= Vp w+2pn—pn, and 
from formula 4, Art. 47, ja1-5 Finally, for a closer p, 


C. 
Pac (13) 
J 
EXAMPLE.—Using the same values as before, except that M=800,000 
inch-pounds, find the area of steel required. 


SOLUTION.—In the preceding example, it was found that M@,=1,076,000 
in.-lb. As this is greater than M, the steel governs the design. 


Applying formula 8, C a 00488. As found i 
in ormula Ree a Ee ae 5 - 
pptying ’ 18<272X 12,500 As found in pre 
; : C, .004 
ceding example, j,=.875. Then, applying formula 12, p=. 
Je : 


=.0056. Substitute this value of p in formula 2, Art. 46, and calculate 
the corresponding value of k. k= 00562 15°+2 X .0056 x 15 — .0056 


k os 
X15=.334. Then, gs ae IBA aypnoyeles,  ALSy. | yySt 


= .0055. 
The area of steel A =.0055 18X27 =2.67 sq. in. This is the same 
result as that previously obtained by means of Table I. 
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EXAMPLES FOR PRACTICE 


1. In a certain beam b=10 inches, d=20 inches, M=300,000 inch- 
pounds, and it is decided to make n=15. If FP, is taken at 550 pounds 
per square inch and F, at 16,000 pounds per square inch, find A. 

Ans. A =1.04 sq. in. 


2. In a certain beam b=15 inches, d=30 inches, 14=800,000 inch- 
pounds, and it is decided to make n=10. If F. is taken at 500 and F, 
at 16,000, find A by use of Table I. Ans. A =2.07 sq. in. 


56. To review a Beam.—To review a beam is to investi- 
gate one that is already built, either for the purpose of deter- 
mining its safe resisting moment for assumed values of n, F,, 
and F, or to find the stresses induced under a given load. 
Hence, the following two cases: 


Case I.—Given, }, d, p, n, F,, and F; required, M. 

This problem is similar to Case II of Art. 55 and is solved 
by the same formulas but in this case M, and M,, respectively, 
are the unknown quantities instead of b or d, as in Art. 55. 
Therefore, when # is less than p,, the safe moment of resistance 
is M,=C,bd?F,, and when p is greater than p, the formula 
M,=C,bd’?F, must be applied. 

EXAMPLE.—It is required to find the bending moment M that can safely 


be resisted by a beam for which b=15 inches, d=28 inches, p=.0072, 
n=20, F,=12,500, and 7,=450. 
12,500 


SOLUTION.—In this case, Cte a hes From Table I for n=20, 


or by calculation, using formula 5, Art. 51, p, is found to be .0076. 
The percentage of steel used is less then the economic percentage, and 
formula 1, Art. 53, is applied, as the safe resisting moment of the steel] 
must be considered. Therefore, 


M,=C, b d F,=.00621 X 15 X 28? X 12,500 = 912,900 in.-lb. 
The value of C, was taken from Table I for »=20, opposite p=.0072. 


Case II.—In this case b, d, p, n, and M are known, and the 
actual stresses produced are to be determined. This is done 
by applying formulas 3 and 4, Art. 48, whence 
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EXAMPLE.—In a certain beam, the stresses produced in the concrete 
and steel are to be determined. Here, b=20 inches, d=36 inches, p=.01, 
n=18, and M=2,500,000 inch-pounds. 


SoLuTion.—As the value of p is given, find in Table I for »=18, the 
corresponding values of C,and C,. In this case, C, = .00851 and C,=.190. 
Then, 
f= 2 eee 11,334 lb. per sq. in.; 

.00851 X 20 X 36? 
2,500,000 


“~ "19X20 36? 


= 508 lb. per sq. in. 


EXAMPLES FOR PRACTICE 


1. For a certain beam, 6=12 inches, d=18 inches, p=.006, n=15, 
F,=15,000, aad F.=500. Find the resisting moment. 
Ans. 295,500 in.-lb. 


2. Find the stresses produced in a beam when b=10 inches, d=20 
inches, p=.0042, n=12, and M=200,000 inch-pounds. 
f,=13,090 lb. per sq. in. 
Ans. icy lb. per sq. in. 


57. Tables for Special Constants.—As noted before, 
Table I was constructed with a view of making it available 
for any of the variety of the constants n, F,, and PF’, ordinarily 
used in practice. When, however, a certain set of constants 
is used with great frequency a much simpler table suitable for 
these special constants may be prepared. In the first place, 
when 2, F;, and F, are fixed, the values of the expressions 
C.F, and C,F, may be tabulated instead of C, and C,, as in 
Table I. The fundamental formulas then assume the form of 


M,=K, be (1) 
and M, =R, bd (2) 
in which R,=C, F,, and R,=C, F,. Furthermore, in Table I 
both values, C, and C, must be given side by side with each 
value of p; one to be used at one time and the other at another, 
according as the steel ratio is below or above the economic 


ratio. Since this economic steel ratio is not fixed but depends 
for a given n on F, and F,, in order to determine for each par- 
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ticular pair of F, and F, which of the two coefficients C, or C, 
of Table I is to be used, the column headed r had to be pro- 
vided. But when F, and F, are fixed the value of p, is at 
once determined. Therefore, not only is the column headed r 
no longer needed, but instead of two columhs giving for each p 
one coefficient for the steel and one for the concrete, it is then 
sufficient to tabulate the values of R, for only the steel ratios 
below the economic ratio p, and the values of R, for only the 
steel ratios above the economic ratio, and place them in one 
continuous vertical column. 

When such a column is completed, the fundamental formula 
expressing its practical application assumes the form of 


M=Rb@ (3) 


in which M is the moment of resistance and R is the tabular 
value from the column above mentioned, and is equal to R, 
for p less than p, and, for p above #,. 

Table II contains the values of R for three sets of constants. 
The second and sixth columns give these values for n=15, 
F,=16,000, and F,=650. These constants are recommended 
by the Joint Committee for a certain grade of concrete and will 
be spoken of later. The third and seventh columns give the 
values of R for n=12, F,= 16,000, and F,= 500. The fourth 
and eighth columns give the values of R for the constants 
n=15, F,=16,000, and F,=500. The latter two sets of con- 
stants have been specified at various times by ordinances of 
some large cities, and have been extensively used in practice. 
For each of these three sets of constants the value of p, and 
its corresponding R are given in Italics. For instance, for 
the units recommended by the Joint Committee, p,=.00769 
and the corresponding R=107.53. These figures are given 
in Italics in the first and second columns of the table. The 
values given in the column for R above the Italics were obtained 
from the expression C,F,, in this case by multiplying the 
values of C, for n»=15 by 16,000. Likewise, the values of R 
below the Italics were computed from the expression C,F;, in 
this case by multiplying the values of C, for n=15 by 650. 
It will be seen that with the aid of Table I a similar table 

EL T 315C—20 
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may be prepared with but little effort for any other set of unit 
stresses. 


58. The application of Table II will best be seen from the 
following examples. 


EXAMPLE 1.—A beam is to be designed according to the constants 
recommended by the Joint Committee. The effective depth is 24 inches, 
the bending moment 600,000 inch-pounds, and p=.0042. Required, the 
breadth 6 and the amount of steel. 


SoLuTION.—Here n=15, F,= 16,000, and F.= 650. Therefore, take 
from the second column of Table II, the value of R corresponding to 
p=.0042 which is 60.54. Then apply formula 3, M=R 6 d*; whence, 

M 600,000 
Ra 60.5424 
=pbd=.0042 X 17.2 X 24=1.73 sq. in. 


=17.2 in. Then, from the formula of Art. 46, A 


EXAMPLE 2.— A rectangular beam is to be designed using the con- 
stants 2 =15; F,=16000, and F.=500. The economic percentage of steel 
is to be used, and it is required to find 6 and d, and the amount of steel 
to resist a bending moment of 350,000 inch-pounds. 


SoLuTION.—For the constants given, the value of R is to be taken from 
the fourth column of Table II. In this case the economic steel ratio p, 
= .00499 and R=71.30. Then, applying formula 3, M = Rbd?, whence 

M 350,000 : A 4,909 , 
b= Taki ae 4,909. Assuming d=20 in., 6= oe 12.3 in. 
Then, A =p, bd=.00499 X 12.3 X20 = 1.23 sq. in. 


EXAMPLES FOR PRACTICE 


1. A beam 22 inches in effective depth is to be designed according to the 
constants recommended by the Joint Committee. The bending moment 
is 800,000 inch-pounds, and the economic percentage of steel is to be used. 


Find the values of b and A. i ee 15.4 in. 
"SA =2.61 sq. in. 
2. Find the values of b and A for the same conditions, except that 
p=.009. i .b = 14.6 in. 
ns. ; 
£ A =2.89 sq. in. 


59. Weight of Beam.—In all preceding examples in 
designing a beam, the bending moment due to its own weight 
was included, for the sake of simplicity, as a part of the total 


thee | | rH +4 
11000 Inch-Pounds | i 
11000 
|_| | ite 
10000 | 
0000 
|_| a 
9000 ia Ht 
9000 
7 i 0 ae & 
8000 ey 
: 8000 
“ —~ oa AS 
| |_| +1 11n= 75, avy 
Fs|=16000, | | Fe =500 ee - 
000 
f 7 7000 
: : 
ey x 
000 y : 
Ls YY 6000 '3 
Ax) “s 
] r : ~ z 
| | 4, 
4-4-4 | ae g 
\) ay S 
5000 hy Sy 5000 & 
Y a 2 
-—- + 4 i) RS 
Fy ft : 
0 | >) Ay ee “8 
£00 | x sp 4000 
--a- T + + 4A — 
(bic) : 
: | aS 
% ie es 
3000 y SP 3000 
| wr | 
un 
| oo foi 
zeee 2000 
oui ~ yee IgpanzlOd 
ate ob 
mz8 ft 
t7000 pe! Li TSpart 1000 
ee Span= Git. 
cae Span=4 ft. 
1 77 2 77 Ae 4 Za Te Ck y" ge 9” 10 A 


59 


Effective Depth in Inches 


Fie. 47 


7o000tInch- Pounds ; 41270000 
260000) 260000 
| 
I it ¥ 
250000 = 250000 
ae 
i 
40000 + 240000 
I ie 
T 
30000 230000 
| Siee= 
220000 220000 
[ 
i 
210000 Cy {210000 
200000 . 200000 
190000 190000 
If wy 
180000 ae ey 180000 
170000 Fs-= 16000; Fo = 500 170000 
= *” 
: 5s} 
160000 1160000 & 
150000 wy é 
| Si LW 150000 3 
ij \) 2 
140000 hi 2 140000 ~ 
CN S 
\) 
130000 4 y, 130000 $ 
t z ferfiaef el 3 
120000 i Ry, re 120000 & 
= SAF 40) 5 
110000 Vanya 
my 110000 
F : ' >, sv S| s 
000 : : = 
10000 : e a 100000 5 
E tA Se 
90000 HA 30) 90000 
ZT ta 
$0000 WEE SP 
00 =) 80000 
aI Y 
0 
70000 Et aod 70000 
60000 y ot 
000 ; 
ae 60000 
i 
50000 : 
B spana de 50000 
5 
40000 of 
Z 40000 
30000 it. 300 
span= 20 00 
20000 
ji pe.00t Span=15 [t-120000 
10000 : plese 
Span=10 ft. 10000 
Su 10% G Pk 207 25” 30” Ya 40” 45” 50” 


Effective Depth in Inches 


Fic. 48 60 


REINFORCED CONCRETE 61 


moment M. When, however, the dimensions of the beam 
are to be determined, the weight cannot be known beforehand; 
it must, therefore, be first assumed. After the dimensions 
have been determined, the assumed weight can be verified by 
calculating its actual weight. For this purpose the weight of 
reinforced concrete may be taken at 150 pounds per cubic foot. 
If the actual weight differs materially from the one assumed, 
another assumption must be made and the beam redesigned. 
This process must be repeated if necessary until a satisfactory 
result is arrived at. To obviate the tedious work involved in 
this method the diagrams shown in Figs. 47 and 48 have been 
prepared. They enable one to determine approximately the 
dimensions of a reinforced-concrete beam that is to carry a 
given net moment; that is, a moment due to external loads. 
In these diagrams, the abscissas represent the effective 
depth din inches. In the diagram of Fig. 47 they are carried 
to 10 inches, and in the diagram of Fig. 48, which is drawn to 
a smaller scale than the one in Fig. 47, the abscissas are con- 
tinued from 10 to 50 inches. The ordinates represent moments 
in inch-pounds; those of the curved graphs give the total 
resisting moment of a beam 1 inch wide when the amount of 
steel indicated on the curve is used; those of the straight lines 
give the maximum bending moment due to the weight of the 
same beam for the indicated spans. Consequently, the respect- 
ive differences between the two sets of ordinates are the net 
bending moments. To facilitate the reading of the ordinates, 
three systems of horizontal lines were introduced, light, heavy, 
and extra-heavy lines. In the diagram of Fig. 47 the distance 
between two successive extra-heavy horizontal lines represents 
10,000 inch-pounds. This distance is divided into ten equal 
parts, each representing 1,000 inch-pounds. These, again, are 
divided into five parts, each being equal to 200 inch-pounds. 
In the diagram of Fig. 48 the corresponding divisions represent, 
respectively, 100,000, 10,000, and 2,000 inch-pounds. For exam- 
ple, to find the net bending moment that a beam having an 
effective depth of 35 inches, a width of 1 inch, and reinforced 
with 14 per cent. steel, can carry on a 25-foot span, follow the 
ordinate marked 35” to its intersection with the curve marked 
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p=.015. This ordinate measures one division of 100,000, 
two divisions of 10,000, and two divisions of 2,000 inch-pounds, 
a total of 124,000 inch-pounds. This is the total resisting 
moment of the beam. From this must be subtracted the 
maximum bending moment due to the weight of the beam. 
This is represented by the portion of the same ordinate to its 
intersection with the straight-line graph marked Span=26 ft. 
and measures 36,000 inch-pounds. The difference between 
the two ordinates is 124,000—36,000=88,000 inch-pounds, 
which is the net bending moment that the beam can carry 
on a 25-foot span. 

When the net bending moment is given, and it is required 
to determine the effective depth of a beam 1 inch wide that 
can carry this moment on a certain span when a certain steel 
ratio is used, proceed as follows: On a straight edge of a sheet 
of paper lay off, to the scale of the diagram, the given bending 
moment, carefully marking both extremities. Place the paper 
on the diagram and, having the marked edge parallel with the 
ordinates of the diagram, shift the paper until one of the marks 
is on the straight-line graph for the given span and the other 
mark on the curve for the given steel ratio. The straight line 
coinciding with the edge of the paper will then be the ordinate 
whose abscissa represents the required effective depth. For 
instance, if the net bending moment is 40,000 inch-pounds, the 
span is 20 feet, the steel ratio is .004, and the marks at the edge 
of the paper where 40,000 inch-pounds had been laid off, are so 
situated that one mark is at the straight line marked Span 
= 20 ft. and the other at the curve marked p=.004, the straight 
line of the edge of the paper produced will intersect the abscissa 
at a point for which d is nearly 33 inches. 

In platting the straight-line graphs for the moments due to 
the weight of the beam, 1 inch was added to the effective 
depth for Fig. 47 and 2 inches for Fig. 48. The con- 
stants used are n=15, F,=16,000, and F,=500. It is well to 
note here, that when these constants are used the results are 
the same as those obtained when the Joint Committee units 
are employed, as long as p does not exceed .005. For values 
of p higher than .005, the constants used for the diagrams 
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give more conservative results, and for this reason they were 
selected. 

The following examples will illustrate the practical applica- 
tion of the diagrams: 

EXAMPLE 1.—A beam of 24-foot span is to carry a load of 18,000 pounds 
applied at the center. If the effective depth d is 30 inches, and the con- 
stants n=12, F,=16,000, and F,=500 are employed, find 6 and A, when 

— p=.0104. 


SOLUTION.—The net bending moment, or that due to the load, is 
18,000 x 24 


<12=1,296,000 in.-lb. Referring to the diagram of Fig. 48 


and using the curve for p=.010 and the straight line for the span of 25 ft., 
which are the nearest graphs given in the diagram, the net bending moment 
for the 30-in. beam is 81,000—31,000=50,000 in.-lb. per inch of width. 
1,296,000 : ; ; : 
—=25.9 in. Taking 6=26 in., allowing 
50,000 
2 in. for the concrete below the reinforcement, and taking 150 lb. per 


cu. ft. as the weight of reinforced concrete, the weight of the beam is 


Then the width will be 


26 X 32 

SOE 15) = 867 lb. per ft. The total bending moment is then 
144 867X 24X24 

1,296,000+ 3 *12=2,045,088 in.-lb.. 
From Table II, for the constants given and opposite p=.0104, find 


M 2,045,088 : 
= = YAO R IE hay 
Rd@ 84.8530? 


As this is greater than the assumed breadth, the weight is recalculated 


27X32 


and the operations repeated. Taking 6=27 in., the weight is Ga 


<150=900 lb. per ft., and the total bending moment is 1,296,000 
4X 24 
ex 12 =2,073,600 in.-lb. Again, applying the formula for 6, b 


2 : 
8 OE 8 71 in. As this checks closely, b may be taken as 27 in. 


~ 84.85 X30? . 
Then, A =.0104 27 X30 =8.42 sq. in. 


R=84.85. Applying formula 3, Art. 57, b 


EXAMPLE 2.—Design a slab to carry, over a span of 10 feet, a load of 
100 pounds per square foot, in addition to its own weight. The con- 
stants recommended by the Joint Committee are to be used, and p=.0049. 


. 100 
SoLUTION.—The load per inch of width and per foot of length is 75 
pounds. The maximum bending moment due to the external load is 


192 10? | 
: —12=1,250 in.-lb. Mark off, on the edge of a strip of 


therefore 
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paper, 1,250 in.-lb. to the scale of Fig. 47, and move this along between 
the curve for p=.005 and the straight line for the span of 10 ft., finding 
the corresponding depth to be about 5.7 in. Then, the weight per foot for 


1X6.7 ; : 
1 in. width is x 150=7 lb.; and the total bending moment is 1,250 
10° : 
42x12 = 2,300 in.-lb. Applying formula 3, Art. 57, and interpola- 


ting for R in Table II rer “ 
2 
d= a eA BO =65.73 in. 
Rb 70.121 
This value agrees with the one assumed, and will be adopted. Then, A 
= .0049 X 15.7 =.0279 sq. in. per in. of width. 


EXAMPLES FOR PRACTICE 


1. A beam 15 feet long is to be designed to carry a center load of 
6,500 pounds. The economic percentage of steel is to be used, and 
d=20 inches. Find 6 and A, taking »=15, F,=16,000, and F,=500. 


b=14 in. 
Ans.{ =1.4 sq. in. 


2. Find the effective depth of a slab and the amount of steel, the load 
being 200 pounds per square foot in addition to its own weight. The span 
is 8 feet, and the constants recommended by the Joint Committee are to 
be used with p=.0088. ee one in. 

LA =.025 sq. in. 


DOUBLE REINFORCEMENT 


60. in designing a reinforced-concrete beam it sometimes 
occurs that the dimensions of the section are fixed, and sufficient 
steel cannot be provided in the bottom of the beam to carry 
the given load without overstressing the concrete. In such 
a case, to assist the resistance of the concrete in compression, 
steel may be placed also in the top. The beam is then said 
to be double reinforced, This method of reinforcement 
is not economical, but it sometimes cannot be avoided. To 
determine the amount of steel required to carry the given 
bending moment M, let M, denote the moment that the 
section could resist if it were reinforced at the bottom only, 
with an amount of steel.equal to A,=p,bd; that is, if the 
critical value were used. Let the line x x, Fig. 49, represent 
the position of the neutral axis for this arrangement. With 
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this reinforcement both the steel and the concrete are stressed 
to their maximum allowable limits F, and F,. Since, by the 
conditions of the problem, M, balances only a part of M, let 
the unbalanced portion be M,,, 
that is, M,=M—M,. To carry alge 
this moment let the steel to be apes 
added in the bottom above the 
amount A, be A, and the amount 
used in the top be A; The 
simplest method of determining 
A, and A; is to proportion them 
so that the neutral axis shall : 
not change its position. If Fic. 49 

this is the case, the stress f, in the top steel may be deter- 
mined by the principle given in paragraph 3, Art. 45, 
f 


t ‘ : 
“*=-, when ¢ and y are, respectively, the distances 
GY 


of the top and the bottom steel from the neutral axis. Hence, 


Newlral Axts 


Lan d 


namely, 


f,=_F,. The total stress taken by the area A, is then A,F, 
y 


and by the area A, is A, f,;. From the principle of mechanics, 
a moment, as M,. can be balanced only by another moment of 
the same amount; consequently, these two forces A,f, and 
A,F, must form a couple with the lever arm q, Fig. 49, and 
whose moment is M,=A,F; g; whence, 
M 
i (1) 
Fsq 
Further, since the forces forming a couple are equal, 
es he: ; t : 
A, F,=A,f,; or, substituting for f, its value — F; above obtained 
y 
and solving for A), 


A=" Ay (2) 


Therefore, to design a double reinforced-concrete beam, 
first determine A, and M,. Subtract the latter from M; the 
difference will be M,. Then find A, by formula 1. The total 
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steel at the bottom, then, is A=A,+Ay,. Finally, the steel at 
the top is found by formula 2. 


EXAMPLE.—In a certain beam D is limited to 10 inches and d to 18 
inches. M=724,800 inch-pounds, the beam is to be double reinforced, 
and designed for n=15, F,=16,000, and F,=500. 


SoLuTION.—From Table II it is found that for the constants given, 
pb. =.00499 and R=71.3. Then, M,=Rdb@=71.3 X10 X 1% 
=231,012 in.-lb. Then, M,=724,800—231,012 =493,788 in.-lb. If the 
compressive steel is placed say 2 in. from the top of the beam, then g 

= = i My = sO ISe TE 1.93 sq. in 
=d—2=18—2=16. Fromformulal, A,= F dam 16,000X16~ : q. in. 
The total area of steel at the bottom is, therefore, A =p, bd+A,=.00499 
X10X18+1.93=2.83 sq. in. The area of steel at the top is found by 
formula 2. As the compressive steel is 2 in. from the top of the beam, 
t=k d—2, and taking the value k=.32 from Table I for »=15 and 
p=.00499, t=.32X18—2=3.76, and y=d—k d=18—5.76=12.24. Then, 


24 
= 1.93 =6.28 sq. in. 
t 3.76 * i Mes 


EXAMPLE FOR PRACTICE 


In a certain beam b= 10 inches, d= 24 inches, M =900,000 inch-pounds, 
and the constants recommended by the Joint Committee are to be used. 
The beam is to be double reinforced and the compressive steel is to be 
2 inches from the top. Find A and A,. Rae 1 = 2.65 sq. in. 

“LA,=1.68 sq. in. 


CONTINUOUS BEAMS 


61. When a beam rests on more than two supports it is 
a continuous beam. The bending moment is then reduced 
at the center of the span and a negative moment, inducing 
tension at the top and compression at the bottom of the beam, 
occurs at each intermediate support. Owing to the uncer- 
tainties as to the exact maximum bending moment, many 
engineers disregard the effect of the continuity and design 
the beam as if it were a simple beam. The maximum bending 


moment for a uniform load would then be ae when W is the 


total load and / the span length. This practice should always 
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be followed when there is a likelihood of only one span being 
loaded, because in that case the loaded span acts as a simple 
beam. When, however, this is not the case and the supports 
are rigid, the Joint Committee recommends for slabs and beams 
having more than two spans, that for floor slabs the bending 


moment at the center and at the support be taken as — that 


for beams the bending moment at the center and at the support 


for interior spans be taken as — and that for end spans it 


be taken as a for the center and the adjoining support. 


Whether or not, in determining the bending moment, the con- 
tinuity is taken into consideration, the top of the beam should 
be reinforced sufficiently with steel over each support to take 
the tensile stresses. 


BEAMS OF T-SHAPED CROSS-SECTION 

62. The great majority of reinforced-concrete beams are 
rectangular in cross-section, but in many cases they are built 
to support floor slabs, and if the concrete in the latter is inti- 
mately connected with that in the top of the beam, the two 
act to a great extent as one piece. The combination is shown 
in Fig. 50, in ere Sis a part | 4 Z 
of the floor -siab, and B is the 
beam. On account of its shape, 
this combination is called a T 
beam. The slab SS acts as a 
flange for the beam 8B; it is rein- 
forced, as shown, by bars or shapes 
perpendicular to the axis of B. 

When this construction is used, Fic. 50 
it is customary to design the slab first, considering it in strips 
12 inches in width, and assuming that each strip acts as a 
separate beam. When the required depth from the top of the 
concrete to the steel is found, the total depth is taken from 
1 to 2 inches greater, and this depth is considered to act as 4 
flange for the beam that supports the slab. 
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63. The depth and the area of beam to be used in calcula- 
tions depend on the manner of depositing the concrete. If 
the lower part of the beam is deposited in the forms and allowed 
to set before the slab is put on, as is frequently done in prac- 
tice, there will be a weak surface where the new and the old 
concrete meet, and this surface cannot be relied on to transmit 
much stress. If, for some special reason, it is considered 
advisable to perform the work in this way, only the portion 
of the beam below the slab should be counted as effective 
in supporting loads, the slab being considered as simply rest- 
ing on the beam. This method of construction, however, 
is far from economical; and it is much better practice to have, 
when possible, the full depth of the beam, including the slab, 
deposited at about the same time, or as fast as the handling of 
the concrete will permit. The beam and the slab then form 
a monolith, which, when a good quality of concrete is used, 
will act as one piece. But even then it is advisable to use 
stirrups, which should be fastened securely to the slab rein- 
forcement. If the slab reinforcement is parallel to the beam, 
transverse rods should extend over the beam and into the 
slab a short distance on each side of the beam to distribute 
the compression evenly. 


64. Very little is known as to the amount of slab that can 
be considered to act with the beam, and the present practice 
greatly varies in this respect. The following rules by the 
Joint Committee will give an idea of what the width of slab 
should be: 

It shall not exceed one-fourth of the span length of the beam. 

Its overhanging width on either side of the web shall not 
exceed four times the thickness of the slab. 

If the neutral axis does not fall below the bottom of the slab, 
the beam may be designed by the method given for rectangular 
beams, because the parts that are missing to make it rectangular 
are the parts below the neutral axis. As these parts are in 
tension they do not materially contribute to the strength of 
the beam. Thus, in Fig. 51, if the neutral axis comes in the 
slab abje, the beam can be designed as a rectangular beam 
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abcd, because the sections ef gd and ijch, even if they 
were filled in, would be in tension and neglected. Whether 
the neutral axis is in the slab or 
not can be determined by for- 
mula 2, Art. 46, or from Table I. 
If it is not in the slab the for- 
mula will not give its exact loca- 
tion, but will indicate simply 
that it is not in the slab. 


sats Fic. 51 
65. If the neutral axis is not ri 


in the slab the following approximate method will often give 
results sufficiently close: Fig. 52 (a) shows a section of a T beam, 
together with its reinforcement. A side elevation of part of the 
beam is shown in (b). In (a), the neutral axis is shown below 
the slab atx x. In (b), the intensity of compression at different 
points of the beam is represented by the diagramc mo. If the 
width of stem by is in- 
significant in compari- 
son to the width of 
flange b, the compres- 
sion caused by that 


Lp, >| part of the compres- 
(a) (b) sion area in (b) repre- 
Fic. 52 sented by eno may 


be neglected, and the entire compression may be considered as 
represented by the areacmne. Now, since en is shorter than 
cm, it is evident that the center of gravity of this area is less 
than 3 t from the top of the slab. The arm of the couple between 


the concrete and the steel is therefore greater than (2-'). 


It is therefore safe to assume that the resisting moment, in 
terms of the stress in the steel, is 


M=AF, (2-5), (1) 


in which all the letters have their former significance. This 
formula insures sufficient steel, and is the one used for design. 
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To insure that the concrete is not overstressed, an expres- 
sion for M in terms of F, must be found. IfF,, is the average 


stress in the concrete, then M=1bF,, (2-5). It will be evi- 


dent from an inspection of Fig. 52 (b), in which cm may rep- 
resent F, and the area cm ne the total stress in the concrete, 


nt F, 
that F,,, is less than F,; but it is greater than ai fone a n 


are a pee 
aes Consequently, if in the above equation 5 is sub- 
stituted for F,,,, the error will be on the safe side. The equation 


then becomes M=3 1 bF, (4-5), whence 


c 


2M (2) 


le) 


which formula may be used for finding whether the concrete 
is overstressed. It must not be lost sight of that in formulas 1 
and 2 the compressional area of the stem is neglected. They 
should therefore not be used when the latter forms a consider- 
able part of the section, which will happen when the beam is 
large and the slab shallow. In this case it is best to neglect 
the T effect and consider that the beam carries the whole load. 

It must also be kept in mind that formulas 1 and 2 apply 
only when the neutral axis is below the flange. 


66. As an example, a T beam is on a span of 16 feet. It 
carries a load of 5,000 pounds per foot, including its own weight. 
It is built solid with a slab 6 inches thick, and the total depth 
of the beam is 31 inches. The value of d is taken at 29 inches 
and the width h, Fig. 52, of the stem is 16 inches. Design 
the beam, assuming F,= 16,000, F,= 500, and n=15. 

5,000 X 16 X 16 x 12 
8 

= 1,920,000 inch-pounds. The breadth of the flange, or b, 

according to the first rule in Art. 64, must not be greater than 


The maximum bending moment is 
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+X16=4 feet, or 48 inches. According to the second rule, b 
must not exceed 16+2(46)=64 inches. As the first rule 
gives the smaller value for b, it will be used. To determine 
whether the neutral axis falls in or below the flange, the method 
described in Art: 55 for ‘Case III is used. Here C, 
= peo SE) = .00297, and C,= ea = 0951, 

48 x 29° x 16,000 48 X 29? x 500 

A reference to Table I for »=15 will show that since the 
value of C, requires a greater amount of steel it governs the 
design; the corresponding k=.2724, nearly; hence, x=kd 
= .272429=7.9, which would be the distance of the neutral 
axis from the top of the beam if the slab were rectangular. 
As the slab is 6 inches thick, the neutral axis falls below the 
flange; therefore, the method of Art. 65 will be used. Apply- 
ing formula 1 of that article, and substituting known values, 
1,920,000 =A < 16,000(29 —3), whence 


A =4.62 square inches 


It now remains to be seen whether the concrete is over- 
stressed. This may be found by formula 2. Substituting 


known values in the formula, F,= ge atet 0. = 513 pounds, 
6 X 48 (29 —3) 


which may be considered safe. 


67. In designing continuous T beams it must be remem- 
bered that at each support the bending moment is reversed; 
therefore, the lower part of the beam is in compression and the 
upper part in tension. In such a case all the compression 
comes on the stem, and the slab, being in tension, is assumed 
to carry no stress at all. The beam is, in fact, a rectangular 
beam, and steel must then be inserted in the top to take the 
tension. 


WORKING STRESSES AND GENERAL DETAILS 

68. Value of n.—The value of m was assumed in the 
formulas used to be constant for different values of F,. Strictly 
speaking, this is not correct, but is nearly so within the limits 
of the working stresses. What value of should be selected 
is a matter of opinion and experience. At present, n=12 
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and =15 seem to be the values most widely used. The build- 
ing laws of many cities specify what values should be used 
in their locality, and some of these have been mentioned in 
Art. 57. The Joint Committee recommends for ordinary con- 
ditions the value n=15. If the value of FE, is taken as 
30,000,000, then the value of E,, to make n=15, will be 
2,000,000. 


69. Unit Stress in Steel.—The steel most used in rein- 
forced concrete has a modulus of elasticity of 30,000,000 
pounds per square inch, and an ultimate tensile strength of 
64,000 pounds per square inch. Using a factor of safety of 4 
gives 16,000 pounds per square inch for F,. This is the unit 
stress recommended by the Joint Committee.’ It is also 
specified by ordinances of many large cities. On the other 
hand, many engineers use a much lower unit stress. The 
ordinances of the cities of Chicago and San Francisco specify 
a unit stress not exceeding one-third of the elastic limit of 
the material. 


7O. Unit Stress in Concrete.—In this Section, no 
definite unit stress for concrete is recommended. The stress 
to be used depends on how well the concrete is made, how 
good the materials are of which it is composed, and in what 
proportions these materials are mixed. Building laws often 
stipulate the stresses to be used. Some of these have been 
mentioned in Art. 57. The Joint Committee recommends 
certain stresses for concrete made of Portland cement and 
first-class aggregates mixed in the proportion of 1 to 6; that 
is, 1 part of cement to 6 parts of fine and coarse aggregates. 
The concrete shall be of such a grade that when made under 
laboratory conditions of manufacture and storage, using the 
same consistency as used in the field, it will develop in 28 days, 
when cast in cylinders 8 inches in diameter and 16 inches long, 
a compressive stress of 2,000 pounds per square inch. For 
this grade of concrete the Joint Committee recommends a 
stress of 650 pounds per square inch for the compression in 
beams caused by bending. For shear proper, a unit stress of 
120 pounds per square inch is recommended. The safe bond- 
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ing stress between concrete and plain reinforcing bars may 
be taken as 80 pounds per square inch of surface in contact, 
but in the case of drawn wire only 40 pounds per square inch 
is allowed. 


71. Live-Load Stresses.—The preceding stresses recom- 
mended for concrete and steel are for static loads. If a live 
load is suddenly applied, or is moving or vibrating so that the 
structure is subject to impact, vibrations, or shock, lower 
unit stresses must be used. A good practice is to add a certain 
percentage to the live load and treat it as a static load. 


72. Web Stresses.—One of the most frequent forms of 
failure of concrete beams is shown in Fig. 19. It is commonly 
called shear, although it is not really shear but diagonal tension 
that causes the cracks. The exact conditions existing in the 
beam causing this failure are unknown, but the methods given 
in this Section for preventing such failures agree with the 
best current practice. Their application, however, requires 
good judgment and practical experience. Two general methods 
of preventing these cracks are used, namely, by bending up 
part of the horizontal reinforcement and by the use of special 
shear members, or stirrups. 

The first method is based on the following principle: At 
the center of the span of a uniformly loaded beam the bending 
moment is a maximum. Near the supports the bending 
moment is comparatively small, and therefore some of the 
steel at these places, such as the rods b, Fig. 10, may be bent 
as shown. These rods run directly across the place where the 
cracks occur. It is best not to bend up all the rods at one 
place, but to bend them in pairs at intervals, so as to distribute 
their effect. These bent-up rods may either be secured at the 
end to increase their grip, or, better, be made to extend into 
the adjoining beam and thus form part, at least, of the rein- 
forcement to resist negative bending moment over the sup- 
ports. Often about one-half of the main reinforcing rods may 
be used that way. 

73. When stirrups are used for the purpose of preventing 
failure by diagonal tension, they serve the additional purpose 

ELT sisc—21 
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of tying the beam proper to the slab when there is one. Care 
must be taken to see that they cannot pull out. They are 
usually tied to the slab reinforcement or bent over at the ends. 
Deformed bars give a better grip than plain bars. The Joint 
Committee recommends that the distance apart of stirrups 
should never be more than three-quarters of the depth of the 
beam. 

The following formulas may be employed for the purpose of 
designing stirrups: 


Let V=total external vertical shear, in pounds; 
v=unit shear, in pounds per square inch; 
P=total stress in one stirrup, in pounds; 
c=horizontal spacing of stirrups, in inches. 
The other letters have the same meaning as previously 
given. 
Then, for rectangular beams reinforced at the bottom, 


V 
ec cymes 
bid 
For vertical stirrups, 
VAG 
Sea (2) 
jd 
For stirrups inclined at 45°, 
Pao (3) 
jd 
For T beams, 
V 
arnt (4) 
by if d 


If the neutral axis is in the slab, 7 can be found as in rect- 
angular beams; if it is in the stem, the formulas for rectangular 
beams will not give the correct value of 7, and in place of jd 


the approximate value of d= may be used. 


74. As an example, assume that a rectangular beam is 
on a span of 20 feet and carries a total load of 1,500 pounds 
per foot. Assume that b=12 inches and that d=21 inches. 
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The maximum shear is equal to. either reaction and is 
ae = 15,000 pounds. Assume that 7 has been found 
V __ 15,000 
bpd ~12X¢X21 
=68 pounds. The Joint Committee states that for concrete 
only, without any web reinforcement, the unit shear must 
not exceed 40 pounds per square inch; with bent-up main-rein- 
forcement rods properly placed to resist the tendency to crack, 
it must not exceed 60 pounds per square inch; and with stir- 
rups and bent-up rods it must not exceed 120. As the shear 

in this case is over 60, stirrups and truss rods will be used. 

The size of stirrups and the allowable total stress in each 
one must now be decided on. For this example, let it be 
assumed that the allowable stress in each stirrup is 6,000 pounds 
and that the stirrups are vertical. It is generally assumed 
that the concrete itself can take one-third of the shear; there- 
fore, the stirrups have to resist only two-thirds of the shear, or 
215,000=10,000 pounds. Substituting the correct values in 
formula 2, Art. 73, and solving for c the horizontal spacing 
between stirrups, 

pk _ 6,000 x3 X21 
V 10,000 

This is the spacing near the support, where the external 
vertical shear is 15,000 pounds. Near the center of the beam 
the external vertical shear becomes less, and the spacing of 
the stirrups will become greater, but it should never be made 
greater than ? d. 

Another means to assist in preventing cracks due to diagonal 
tension, and one that is recommended by the Joint Com- 
mittee, is to arrange the horizontal reinforcement so that its 
unit stresses will be relatively low at points of high shear. 


to be equal to #. Then the unit shear is v= 


=11 inches, nearly 


75. Bond Between Steel and Concrete.—In a rein- 
forced-concrete beam the stress from the load is transmitted 
to the steel reinforcement by means of the adhesion, or bond, 
between the concrete and the steel. The amount of stress 1 
that is transmitted to the horizontal reinforcement at the 
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bottom at any section can be found approximately by the 


formula H == , in which V is the external shear at the section 
i : 
under consideration and ;d=D, as before. If f, denotes the 


unit bond induced at the same section and O the sum of the 
perimeters of the horizontal reinforcement, then O will also be 
the total bond area for one unit of length; therefore, 


This value should not exceed the allowable unit adhesion 
between the steel and concrete. The safe unit bonding stress 
recommended by the Joint Committee is given in Art. 70. 


76. Details of Design.—All details of reinforced-concrete 
beams must be studied with extreme care, as it is on the little 
things that the stability of the structure sometimes depends. 


77. Where, as is often the case, two reinforcing rods or bars 
overlap, the overlapping length must be such that the bond 
between the concrete and each overlapping bar shall be equal 
to the tension in the bar. If Lis the length-of lap, A the area 
and o the perimeter of one bar or rod, and f, the working 
adhesive strength, or bond, per square inch, then f, A=f, oL; 


whence, . Lax A 


te, © 
78. Sufficient concrete must be placed beneath the rein- 
forcing rods to protect them from fire or rust. The Joint 
Committee recommends 2 inches for girders, 1} inches for 
beams, and 1 inch for slabs for ordinary cases. The edges of 
all beams and columns should be chamfered. 


79. Spacing of Bars.—In placing bars, sufficient con- 
crete should be allowed also at the sides. The Joint Committee 
recommends that ‘‘The lateral spacing of parallel bars should 
not be less than 24 diameters, center to center, nor should the 
distance from the side of the beam to the center of the nearest 
bar be less than two diameters. The clear spacing between 
two layers of bars should not be less than 4 inch.” 
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COLUMNS 


METHODS OF DESIGN 


80. The present practice in designing reinforced-concrete 
columns is not at all uniform. Some engineers make the 
colurnns large enough for the concrete to carry the entire load, 
and put in steel rods as a precaution against any slight bending 
that may occur. In places where floor space is valuable. this 
practice, although the safest, is not economical, since the 
columns must be made inconveniently large, and take up 
space needed for other purposes. In order to save space, 
many engineers make the columns smaller, and reinforce them 
with steel in such a manner that they can safely carry the same 
load as larger columns not reinforced. The load is then 
assumed to be properly distributed between the steel and the 
concrete. Since the two materials must compress the same 
amount, the stresses in them must be in proportion to their 
moduli of elasticity. 


81. Amount of Reinforcement.—Up to the present 
time, not enough experiments have been made to indicate 
just what percentage of reinforcement is best, and the only 
safe thing to do is to follow good conservative practice. From 
the standpoint of economy of floor space, it is advisable to 
use as much steel as possible, and columns have been built 
with high percentages of reinforcement. The smaller the 
cross-section of the column, the more space and concrete are 
saved. From the standpoint of safety, however, there is a 
limit that should not be exceeded. When there is too much 
steel in the cross-section, it is impossible to transmit to it 
the proper amount of stress. The result is that the concrete, 
being overloaded, slips on the steel rods, and may cause the 
collapse of the column. There is also danger, when there is 
a large proportion of steel, that the concrete will break off 
outside the rods and allow them to buckle or bend outwards. 


82. Formulas for Design.—As stated in Art. 80, the 
stresses in the concrete and in the steel must be in proportion 


78 REINFORCED CONCRETE 


to the moduli of elasticity of the two materials. Under this 
condition, the shortening of the steel will be the same as that 
of the concrete, and there will be no tendency to sliding of 
one material on the other. The condition just described is 
stated algebraically by the proportion 


SS Seleeeelie 


E 
whence, SS tase (1) 
c 

In this formula s, is the unit stress in the steel, and s, is the 
unit stress in the concrete. 

In designing a reinforced-concrete column, only the com- 
pressive stresses are taken into account, such columns being 
usually not long enough to require that bending should be 
considered. 

The units being the inch and the pound, let 

a=cross-sectional area of column; 
a, =cross-sectional area of steel; 
ad, = cross-sectional area of concrete; 
p=ratio of steel area to total area= Gs: 
a 
W =total load on column, centrally applied. 


Then, W =a, 5; +a, 5, 
But s,=ns,; therefore, 
W =a, ns, +a, s,=5,(a; n+a,) (2) 

Now, a,=ap; also, a4,=a—a,=a—a p=a(1—p). Substi- 
tuting the values for a, and a,in formula 2, it becomes 
W=s, la punt+al—p)]=s, alpn+(U—>)] 

Rearranging the terms, 


W=s,a [1+(n—1)p] (3) 


83. Asan example, a column is 18 inches square and con- 
tains eight rods each # inch square. What safe load will it 
carry’ It is decided to limit s, to 16,000 pounds per square 
inch, s, to 450 pounds per square inch, and to make n equal 
to 15. The following values are then known: a=18X18 
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= 324 square inches; a, =4.5 square inches; a, =324—4.5=319.5 
Square inches. Assume that s,;= 16,000 pounds per square inch. 


Then, by formula 1, Art. 82, s,=°'=16,000+15=1,067 
n 


pounds per square inch. But it has been decided to keep s, at 
450. It can, therefore, be seen that the stress in the steel 
must be reduced; in other words, under ordinary working 
stresses, the steel is never compressed in columns up to its safe 
limit. Therefore, assume s,=450 pounds per square inch. 
Then, s,=15X450=6,750. Also, from formula 2, Art. 82, 


W =s,(a; n+a,) = 450 X (4.5 X 15+319.5) =174,150 pounds. 


EXAMPLES FOR PRACTICE 


1. A colurnn 12 inches square has 4 square inches of steel. If 5, is 
taken as 400 pounds per square inch and 7 is taken as 12, what safe load 
will it carry? Ans. 75,200 lb. 


2. A column 15 inches in diameter is reinforced with four 1}-inch 
round bars. If a stress of 450 pounds per square inch is allowed in the 
concrete and if 2 is taken as 15, what load will it carry? Ans. 110,460 lb. 


84. Hooped Columns.—The effect of hooping is to 
toughen the concrete. It seems to have little effect within 
the elastic limit, but it renders the concrete more trustworthy 
and thus permits higher stresses to be used. In hooped columns 
only the concrete within the hooping is considered in the 
design. The Joint Committee recommends that, when bands 
or hoops are used, the total amount of such reinforcement 
shall not be less than 1 per cent. of the volume of the column 
enclosed. The clear spacing of such bands or hoops shall not 
be greater than one-fourth of the diameter of the enclosed 
column. 


85. Fireproofing.—lIf a fire occurs in a building it is 
probable that the surfaces of columns will be injured. If it 
is desired to design columns to withstand such effects, addi- 
tional material must be used. The Joint Committee there- 
fore recommends that, under ordinary conditions, the outside 
layer of concrete columns 1% inches thick be not considered 
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in calculating the strength of the column but be put on extra, 
so that in case of fire this coat may be injured and the column 
will still be sufficiently strong. 

The Joint Committee recommends also that the steel be 
embedded in the concrete at least 2 inches. Attention is 
called to the fact that since, in hooped columns, only the 
concrete within the hooping is considered in calculating the 
ability to carry loads, and since the steel is embedded 2 inches 
from the surface, in reality, in hooped columns, more than 
14 inches of fireproofing is used; whereas, in straight rein- 
forcement, only 13 inches is required. 


86. Length of Columns.—lIt is customary to neglect 
the effect of lateral deflection in concentrically loaded rein- 
forced-concrete columns. Experience indicates that up to a 
certain ratio of the length of the column to its least dimension 
the strength of a column is independent of its length. But 
when this ratio is exceeded the flexural features no doubt play 
an important part. There are no formulas covering the 
design of columns in which this method of failure is considered, 
and, moreover, it is not considered safe to use long columns. 
Therefore, specifications usually limit the length of reinforced- 
concrete columns, so that they will fail by crushing or 
shearing and not by bending. What this limit in length 
should be differs in the minds of many engineers. The Joint 
Committee and some city ordinances recommend that the 
length of a reinforced column should not be greater than 
15 times its least width or its diameter. 


87. Stresses Employed.—The stresses generally used in 
practice for the design of reinforced-concrete columns depend 
on the specifications, the grade of concrete, city ordinances, 
and the experience of the engineer. The Joint Committee 
recommends that, for the grade of concrete mentioned in 
Art. 70 and for columns with longitudinal reinforcement only, 
s, be taken at 450 pounds per square inch; that for columns 
with bands or hoops properly used, s, be taken at 540 pounds 
per square inch; and that for columns reinforced with not less 
than 1 per cent. and not more than 4 per cent. of longitudinal 
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bars and with bands or hoops, s, may be taken as high as 
650 pounds per square inch. The Joint Committee also 
recommends that the value of » for columns may be taken 
at 15. These values cannot be recommended for all cases, 
however, but must be varied according to the experience of 
the designer. 


SUMMARY OF NOTATION AND FORMULAS 


88. For convenience of reference a summary of the nota- 
tion and important formulas of this Section follows: 


NOTATION FOR RECTANGULAR BEAMS 
A=area of steel, in tension; 
b=width; 
C,=section modulus coefficient for concrete; 
C,=section modulus coefficient for steel; | 
d=effective depth, or distance from center of steel in 
tension to top of beam; 
E,=modulus of elasticity of concrete; 
E,=modulus of elasticity of steel; 
F,=allowable unit stress in concrete: 
F,=allowable unit stress in steel; 
f,=actual unit stress in concrete; 
f,=actual unit stress in steel; 
j=ratio of arm of stress couple to effective depth; 
k=ratio of depth of neutral surface to effective depth of 
beam; 
M=maximum bending moment; 
M .=resisting moment of concrete; 
M,=resisting moment of steel; 
1 ae 


n=—, 
Ey 


p= A = steel ratio; 
bd 


p.= economic steel ratio; 
R=C, F, or C, F, (whichever product is smaller) ; 


We. : 
y=—*=stress ratio. 
Cc 
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FORMULAS FOR RECTANGULAR BEAMS 
p= Vp 2 pn—pn 


fp oe ea (To be used for economic steel ratio) 


ag st 6 ik fe) 
a 2010-00 @ 


seers (n+r) 


Cs=p] 
M=C,bd'f, 
M=C,b@f, 
M=Ajdf, 
Mone oer. 
M.=C.0 0° Fz 
M=Rb¢@ 
A=pbd 


ADDITIONAL NOTATION FOR DOUBLE REINFORCED RECTAN- 
GULAR BEAMS 


A,=area of steel in compression; 
A,=excess of area of steel in tension; 
M,=resisting moment for economic steel ratio; 
M,=M—M,, 
q=distance between steel in tension and steel in com- 
pression ; 
t=distance from neutral surface to steel in compression; 
y=distance from neutral surface to steel in tension. 
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FORMULAS FOR DouBLE-REINFORCED RECTANGULAR BEAMS 


Ae 
F.q 
A=" Ay 


NoTaTION FOR BoND AND SHEAR OF RECTANGULAR BEAMS 
A =area of one bar when two bars overlap; 
c=horizontal spacing of stirrups; 
J, =working adhesive strength between steel and concrete; 
L=lap of two rods that are spliced; 
O=sum of perimeters of horizontal tensile reinforcement; 
o=perimeter of one rod; 
P=total stress in one stirrup; 
V =total external vertical shear, in pounds; 
v=unit shear. 


FORMULAS FOR BOND AND SHEAR OF RECTANGULAR BEAMS 
V 
rae 
bid 
pat (for vertical stirrups) 
1 


P= (for stirrups inclined at 45°) 
1 
VA 
fo 540 
ik, atsyA 
vou? 


ADDITIONAL NoTATION FOR JT BEAMS 
b; =width of stem; 
t=thickness of flange. 
ForMULAS FOR T BEAMS 
M=AF, Ca 
We 


2M 
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V 
= 
bid 


ADDITIONAL NOTATION FOR COLUMNS 


a=area of cross-section; 
a,=area of concrete; 

a,=area of steel; 

S,=unit stress in concrete; 
s,=unit stress in steel; 
W =total load centrally applied. 


FORMULAS FOR COLUMNS 
Ss=H'S; 
W =s, (a, n+a,) 
W=s,a [1+(n—1)p] 


TABLE I 
PROPERTIES OF SECTIONS OF REINFORCED-CONCRETE BEAMS 


n=S8 
k j C (& ats || ; 
d, Ss c na p k J Cs Ce 


| 0550 -9817 | .0001963 | .02699 | 137.48 || .0102 | .3305 | .8898 | .009076 | .1471 
.0769 9744 | 0003898 | .03745 | 96.08 || .0104 | .3331 | .8890 | .009245 | .1481 
-0933 -9689 | .0005813 | .04520 | 77.75 |} .0106 | .8357 | .8881 | .009414 | .1491 
-1069 9644 | .0007715 | .05155 | 66.82 || .0108 | .8382 | .8873 | .009583 | .1500 

-1187 | .9604 | .0009604 | .05702 | 59.37 |; .0110 | .3407 | .8864 | .009751 | .1510 


| .001148 .06186 | 53.87 || .0112 | .3431 | .8856 | .009919 | .1519 
| .001335 | .06623 -01009 -1529 
-1477 -9508 | .001521 | .07022| 46.16 || .0116 | .3479 | .8840 | .01025 1538 
1559 | .9480 | .001706 | .07391 | 43.31 || .0118 | .3502 | .8833 | .01042 -1547 


= 
bo 
© 
w 
© 
or 
D 
Ve) 


© 
Or 
wo 
x 
> 
© 
for] 
oO 
oO 
= 
_ 
» 
oo 
rs 
or 
Or 
(o/3) 
ie) 
rss 
co 


| 1636 9455 | .001891 | .07734 | 40.90 | -0120 | .3526 8825 | .01059 -1556 
-1708 | .9431 | .002075 | .08056 | 38.83 0122 3549 8817 | .01076 1564 
1777. .9408 | .002258 | .08359 | 37.02 0124 3571 8810 | .01092 1573 


1842  .9386 | .002440 | .08645 | 35.43 || .0126 | .3594 | .8802 | .01109 -1582 
1904 | .9365 | .002622 | .08918} 34.01 || .0128 | .3616 | .8795 | .01126 -1590 
| 1964 -9345 | .002804 | .09177 | 32.73 || .013U | .3638 | .8787 | .01142 -1598 


.2021 -9326 | .002984 | .09425 | 31.58 || .0132 | .3659 | .8780 | .01159 -1607 
-003165 | .09663 | 30.53 || .0134 | .38681 | .8773 | .01176 -1615 
.2129 | .9290 | .003344 | .09890| 29.57 || .0136 | .3702 | .8766 | .01192 -1623 
-2180 -9273 | .003524 | .1011 28.69 || .0138 | .3723 | .8759 | .01209 -1630 
-003703 | .1032 27.87 || .0140 | .3744 | .8752 | .01225 -1638 


2278 -9241 | .003881 | .1053 27.12 || .0142 | .3764 | .8745 | .01242 | .1646 
2325 -9225 | .004059 | .1072 26.42 || .0144 | .3784 | .8739 | .01258 -1653 
-2370 -9210 | .004237 | .1091 | 25.76 || .0146 | .3804 | .8732 | .01275 -1661 
2414 -9195 | .004414 | .1110 | 25.14}; .0148 | .3824 | .8725 | .01291 -1668 
-2457 9181 | 004591 | .1128 | 24.57 || .0150 | .3844 | .8719 | .01308 -1676 


-2498 -9167 | .004767 | .1145 24.02 || .0152 | .3863 | .8712 | .01324 -1683 
-2539 9154 | .004943 | .1162 | 23.51 || .0154 | .3882 | .8706 | .01341 -1690 
2579 -9140 | .005119 | .1179 23.02 |) .0156 | .3902 | .8699 | .01357 -1697 
-2617 -9128 | .005294 | .1195 22.56 ; 0158 | .3920 | .8693 | .01374 -1704 
2655 -9115 | .005469 | .1210 22.13 || .0160 | .3939 | .8687 | .01390 711 


-2692 -9103 | .005644 | .1225 21.71 |} .0162 | .3958 | .8681 | .01406 1718 
.2729 -9090 | .005818 | .1240 | 21.32 |} .0164 | .3976 | .8675 | .01423 1724 
-2764 -9079 | .005992 | .1255 20.94 || .0166 | .3994 | .8669 | .01439 -1731 
.2799 -9067 | .006166 | .1269 20.58 || .0168 | .4012 | .8663 | .01455 -1738 
-2833 -9056 | .006339 | .1283 20.24 |} .0170 | .4030 | .8657 | .01472 -1744 


-2867 -9044 | .006512 | .1296 19.91 |} .0172 | .4047 | .8651 | .01488 1751 
-2899 -9034 | .006685 | .1310 19.59 || .0174 | .4065 | .8645 | .01504 1757 
-2932 -9023 | .006857 | .1323 19.29 || .0176 | .4082 | .8639 | .01521 -1763 
-2963 -9012 | .007030 | .1335 19.00 || .0178 | .4099 | .8634 | .01537 -1770 
2995 -9002 | .007201 | .1348 18.72 || .0180 | .4116 | .8628 | .01553 1776 


-3025 -8992 | .007373 | .1360 18.45 || .0182 | .4133 | .8622 | .01569 1782 
-3055 -8982 | .007545 | .1372 18.19 || .0184 | .4150 | .8617 | .01585 1788 
3085 -8972 | .007716 | .1384 17.93 |; .0186 | .4167 | .8611 | .01602 1794 
-3114 -8962 | .007887 | .1395 17.69 || .0188 | .4183 | .8606 | .01618 -1800 
-3142 -8953 | .008057 | .1407 17.46 || .0190 | .4199 | .8600 | .01634 -1806 


3171 -8943 | .008228 | .1418 17.23 || .0192 | .4215 | .8595 | .01650 -1812 
-3198 -8934 | .008398 | .1429 17.01 |} .0194 | .4231 | .8590 | .01666 -1817 
3226 .8925 | .008568 | .1439 16.80 |; .0196 | .4247 | .8584 | .01683 -1823 
3253 .8916 | .008737 | .1450 16.60 || .0198 | .4263 | .8579 | .01699 1829 
3279 8907 | .008907 | .1460 16.40 || .0200 | .4279 | .8574 | .01715 -1834 


TABLE I—(Continued) 


n=10 
k | J Cs Ce =" D k j Cs Ce 


.0613 | .9796 | .0001959 | .03001 | 153.19 || .0102 | .3610 | .8797 | .008972 | .1588 
| 0855 | .9715 | .0003886 | .04155 | 106.92 || .0104 | .3638 | .8787 | .009139 | .1598 

1037 | .9654 | .0005793 | .05006 | 86.42 || .0106 | .3665 | .8778 | .009305 | .1609 
.1187 | .9604 | .0007683 | .05702 | 74.21 || .0108 | .3691 | .8770 | .009471 | .1619 


| 1318 | .9561 | .0009561 | .06299 | 65.89 || .0110 | .3718 | .8761 | .009637 | .1628 


| 1434 | .9522 | .001143 | .06827]| 59.74 |} .0112 | .3744 | .8752 | .009802 | .1638 

1539 | .9487 | .001328 | .07301 | 54.97 || .0114 | .38769 | .8744 | .009968 | .1648 
1636 | .9455 | .001513 | .07734 | 51.12 || .0116 | .3794 | .8735 | .010133 | .1657 
1726 | .9425 | .001696 | .08133 | 47.94 || .0118 | .3819 | .8727 | .010298 | .1667 
.1810 | .9397 | .001879 | .08504 45.25 || .0120 | .3844 | .8719 | .010462 | .1676 
.1889 | .9370 | .002061 | .08851} 42.93 || .0122 | .3868 | .8711 | .010627 | .1685 
.1964 | .9345 | .002243 | .09177]| 40.92 || .0124 | .3892 | .8703 | .010791 | .1694 
.2035 | .9322 | .002424 | .09485 | 39.14 || .0126 | .3916 | .8695 | .010955 | .1702 


| .2103 | .9299 | .002604 | .09778 | 37.55 || .0128 | .3939 | .8687 | .01112 1711 


.2168 | .9277 | .002783 | .1006 36.13 || .0130 | .3962 | .8679 | .01128 1719 


.2230 | .9257 | .002962 | .1032 34.84 || .0132 | .3985 | .8672 | .0i1145 -1728 
.2290 | .9237 | .003140 | .1057 33.67 || .0134 | .4007 | .8664 | .01161 -1736 
.2347 | .9218 | .003318 | .1082 32.60 || .0136 | .4030 | .8657 | .01177 1744 
.2403 | .9199 | .003496 | .1105 31.62 || .0138 | .4052 | .8649 | .01194 -1752 
.2457 | .9181 | .003672 | .1128 30.71 || .0140 | .4074 | .8642 | .01210 -1760 


| .2509 | .9164 | .003849 | .1149 29.86 || .0142 | .4095 | .8635 | .01226 -1768 
.2559 | 9147 | .004025 | .1170 29.08 || .0144 | .4116 | .8628 | .01242 1776 
.2608 | .9131 | .004200 | .1191 28.35 || .0146 | .4137 | .8621 | .01259 -1783 
| .2655 | .9115 | .004375 | .1210 27.66 || .0148 | .4158 | .8614 | .01275 -1791 
.2702 | .9099 | .UU4550 | .1229 27.02 || .0150 | .4179 | .8607 | .01291 -1798 


2747 | .9084 | .004724 | .1248 26.41 || .0152 | .4199 | .8600 | .01307 -1806 
2790 | .9070 | .004898 | .1265 25.84 || .0154 | .4219 | .8594 | .01323 -1813 
-2833 | .9056 | .005071 | .1283 25.30 || .0156 | .4239 | .8587 | .01340 -1820 
-2875 | .9042 | .005244 | .1300 24.78 || .0158 | .4259 | .8580 | .01356 -1827 
-2916 | .9028 | .005417 | .1316 24.30 || .0160 | .4279 | .8574 | .01372 1834 


-2956 | .9015 | .005589 | .1332 23.84 || .0162 | .4298 | .8567 | .01388 -1841 
-2995 | .9002 | .005761 | .1348 23.39 || .0164 | .4317 | .8561 | .01404 -1848 
-3033 | .8989 | .005933 | .1363 22.97 || .0166 | .4336 | .8555 | .01420 1855 
.3070 | .8977 | .006104 | .1378 22.57 || .0168 | .4855 | .8548 | .01436 -1861 
-3107 | .8964 | .006275 | .1392 22.19 || .0170 | .4374 | .8542 | .01452 -1868 


-3142 | .8953 | .006446 | .1407 21.82 || .0172 | .4392 | .8536 | .01468 -1875 
-3178 | .8941 | .006616 | .1421 21.47 || .0174 | .4410 | .8530 | .01484 -1881 
3212 | .8929 | .006786 | .1434 21.13 || .0176 | .4429 | .8524 | .01500 1887 
| .3246 | . -006956 | .1447 20.81 || .0178 | .4446 | .8518 | .01516 -1894 

-3279 | .8907 | .007126 | .1460 20.50 || .0180 | .4464 | .8512 | .01532 -1900 


3312 | .8896 | .007295 | .1473 20.19 || .0182 | .4482 | .8506 | .01548 -1906 
-3344 | .8885 | .007464 | .1486 19.90 || .0184 | .4499 | .8500 | .01564 -1912 
-3376 | .8875 | .007632 | .1498 19.63 || .0186 | .4516 | .8495 | .01580 1918 
| .8407 | .8864 | .007801 | .1510 19.36 || .0188 | .4534 | .8489 | .01596 -1924 
| .3437 | .8854 | .007969 | .1522 19.09 || .0190 | .4551 | .8483 | .01612 -1930 


3467 | .8844 | .008137 | .1533 18.84 || .0192 | .4567 | .8478 | .01628 -1936 


(oe) 
© 
a 
ies) 


| 8497 | -8834 | .008304 | .1545 18.60 |} .0194 | .4584 | .8472 | .0164 -1942 
| .8526 | .8825 | .008472 | .1556 18.36 || .0196 | .4601 | .8466 | .0166 -1948 
-3554 | .8815 | .008639 | .1567 18.13 || .0198 | .4617 | .8461 | .0168 1953 


| .3583 | -8806 | .008806 | .1577 17.91 || .0200 | .4633 | .8456 | .0169 -1959 


TABLE I—(Continued) 


n= 12 

? k j Cs Ge erm | vp k Cc G a 
ic j s c ts aie 

0002 | .0669 | .9777 | .0001955 | .0327 | 167.30 || .o102 | .3873 | .8709 | .o08ss3 | .1686 | 18.98 
0004 | .0933 | .9689 | .0003876 | .0452 | 116.62 || 0104 | .3902 | .8700 | .009047 | .1697 | 18.76 
.0006 1130 | .9623 | .0005774 | .0544 | 94.18 || .0106 | .3930 | .8690 | .009211 | .1707 | 18.54 
0008 | .1293 | .9569 | .0007655 | .0619 | 80.81 |} .0108 | .3958 | .8681 | .009375 | .1718 | 18.32 
0010 | .1434 | .9522 | .0009522 | .0683 | 71.69 || .0110 | .8985 | .8672 | .009539 | .1728 | 18.11 
-0012 | .1559 | .9480 | .001138 | .0739 | 64.96 || 0112 | .4012 | .8663 | .009702 | .1738 | 17.91 
.0014 | .1673 | .9442 | .001322 | .0790 | 59.74 || .0114 | .4039 | .8654 | .oo9865 | .1747 | 17.71 
-0016 1777 9408 | .001505 -0836 55.53 |; .0116 | .4065 | .8645 | .010028 1757 | 17.52 
0018 | .1874 | .9375 | .001688 | .0878 | 52.05 || .0118 | .4091 | .8636 | .010191 | .1766 | 17.33 
-0020 1964 | .9345 | .001869 .0918 49.10 0120 | .4116 | .8628 | .010353 1776 | 17.15 
-0022 2049 | .9317 | .002050 -0955 46.57 0122 4142 | .8619 | .010516 1785 | 16.97 
-0024. , .2129 9290 | .002230 -0989 44.36 0124 4167 | .8611 | .010678 1794 | 16.80 
-0026 | .2205 | .9265 | .002409 -1022 42.41 0126 | .4191 8603 | .010840 | .1803 | 16,63 
0028 | .2278 | .9241 | .002587 -1053 40.68 0128 | .4215 | .8595 | .01100 -1812 | 16.47 
-0030 | .2347 | .9218 | .002765 -1082 39.12 0130 4239 8587 | .01116 1820 | 16.31 
-0032 | .2414 9195 | .002943 -1110 37.72 0132 4263 | .8579 | .01132 1829 | 16.15 
-0034 | .2478 9174 | .003119 -1136 36.43 0134 | .4287 | .8571 | .01149 1837 | 15.99 
.0036 | .2539 9154 | .003295 -1162 35.26 0136 | .4310 | .8563 | .01165 1845 | 15.84 
.0038 2598 9134 | .003471 -1187 34.19 0138 | .4333 | .8556 | .01181 1853 | 15.70 
-0040 2655 | .9115 | .003646 -1210 33.19 0140 | .4355 | .8548 | .01197 1861 | 15.55 
.0042 | .2711 | .9096 | .003821 | .1233 | 32.27 || .0142 | .4877 | .8541 | .01213 1869 | 15.41 
.0044 | .2764 | .9079 | .003995 -1255 31.41 0144 | .4899 | .8534 | .01229 1877 | 15.28 
-0046 | .2816 | .9061 | .004168 .1276 30.61 0146 | .4421 | .8526 | .01245 1885 | 15.14 
.0048 | .2867 | .9044 | .004341 .1296 29.86 0148 | .4443 | .8519 | .01261 1892 | 15.01 
-0050 | .2916 | .9028 | .004514 -1316 29.16 0150 | .4464 | .8512 | .01277 1900 | 14.88 
.0052 | .2963 | .9012 | .004686 | .1335 | 28.49 || .0152 | .4485 | .8505 | .01293 -1907 | 14.75 
.0054 | .3010 | .8997 | .004858 | .1354 | 27.87 || .0154 | .4506 | .8498 | .01309 1915 | 14.63 
.0056 | .3055 | .8982 | .005030 | .1372 | 27.28 || .0156 | .4527 | .8491 | .01325 1922 | 14.51 
.0058 | .3099 | .8967 | .005201 | .1390 | 26.72 || .0158 | .4547 | .8484 | .01341 1929 | 14.39 
.0060 | .3142 | .8953 | .005372 | .1407 | 26.19 || .0160 | .4567 | .8478 | .01356 1936 | 14.27 
-0062 3185 | .8938 | .005542 1423 25.68 0162 4587 | .8471 | .01372 1943 | 14.16 
.0064 3226 | .8925 | .005712 -1439 25.20 0164 4607 | .8464 | .01388 1950 | 14.05 
-0066 3266 | .8911 | .005881 -1455 24.74 0166 | .4627 | .8458 | .01404 1957 | 13.94 
-0068 3305 8898 | .006051 -1471 24.30 0168 | .4646 | .8451 | .01420 1963 | 13.83 
.0070 | .3344 | .8885 | .006220 | .1486 | 23.89 || .0170 | .4665 | .8445 | .01436 1970 | 13.72 
.0072 | .3382 | .8873 | .006388 -1500 23.48 0172 | .4684 | .8439 | .01451 1976 | 13.62 
.0074 | .3419 | .8860 | .006557 -1515 23.10 0174 | .4703 8432 | .01467 1983 | 13.51 
.0076 | .3455 | .8848 | .006725 -1529 22.73 0176 | .4722 8426 | .01483 1989 | 13.41 
.0078 | .3491 | .8836 | .006892 | .1542 | 22.38 || .0178 | .4740 | .8420 | .01499 1996 | 13.32 
.0080 3526 | .8825 | .007060 1556 22.04 0180 4758 | .8414 | .01514 .2002 | 13.22 
.0082 | .3560 | .8813 | .007227 -1569 21.71 0182 4777 | .8408 | .01530 -2008 | 13.12 
.0084 | .3594 | .8802 | .007394 | .1582 | 21.39 || .0184 | .4795 | .8402 | .01546 .2014 | 13.02 
.0086 | .3627 | .8791 | .007560 -1594 21.09 0186 | .4812 8396 | .01562 .2020 | 12.94 
.0088 | .3659 8780 | .007727 -1607 20.79 0188 | .4830 8390 | .01577 .2026 | 12.85 
.0090 | .3691 8770 | .007893 -1619 20.51 0190 | .4847 8384 | .01593 2032 | 12.76 
.0092 | .3723 | .8759 | .008058 -1630 20.23 0192 | .4865 | .8378 | .01609 -2038 | 12.67 
-0094 3754 8749 | .008224 -1642 19.97 0194 | .4882 | .8373 | .01624 .2044 | 12.58 
.0096 | .3784 8739 | .008389 -1653 19.71 0196 | .4899 8367 | .01640 .2049 | 12.50 
.0098 | .3814 | .8729 | .008554 | .1665 | 19.46 || .0198 | .4915 | .8362 | .01656 .2055 | 12.41 
0100 | .3844 | .8719 | .008719 | .1676 | 19.22 || .0200 | .4932 | .8356 | .01671 .2061 | 12.33 


TABLE I—(Continued) 


n= 15 

s 

p k j Cs Ge |r =" p k j Cs Gr Wane 
0002 | .0745 | .9752 | .0001950 | .0363 | 186.30 || .0102 | .4209 | .8597 | .008769 | .1809 | 20.63 
0004 | .1037 | .9654 | .0003862 | .0501 | 129.64 |) .0104 | .4239 | .8587 | .008930 | .1820 | 20.38 
-0006 1255 | .9582 | .0005749 | .0601 | 104.56 0106 | .4269 | .8577 | .009092 | .1831 | 20.14 
0008 | .1434 | .9522 | .0007618 | .0683 | 89.62 || .0108 | .4298 | .8567 | .009253 | .1841 | 19.90 
0010 | .1589 | .9470 | .0009470| .0752 | 79.43 || .0110 | .4327 | .8558 | .009413 | .1851 | 19.67 
-0012 1726 | .9425 | .001131 0813 71.92 |) .0112 | .43855 | .8548 | .009574 | .1861 | 19.44 
0014 1850 | .9383 | .001314 | .0868 66.08 || .0114 | .43883 8539 | .009734 | .1871 | 19.22 
0016 | .1964 | .9345 | .001495 | .0918 61.38 0116 | .4410 | .8530 | .009895 | .1881 |; 19.01 
.0018 | .2069 | .9310 | .001676 | .0963 57.48 || .0118 | .4438 | .8521 | .010055 | .1891 | 18.80 
-0020 2168 9277 | .001855 1006 54.20 0120 | .4464 | .8512 | .010214 | .1900 | 18.60 
.0022 | .2260 | .9247 | .002034 1045 51.37 0122 | .4491 | .8503 | .010374 | .1909 | 18.40 
.0024 | .2347 9218 | .002212 1082 48.90 0124 | .4516 | .8495 | .010533 | .1918 | 18.21 
-0026 2430 9190 | .002389 1117 46.73 0126 | .4542 | .8486 | .010692 | .1927 | 18.02 
-0028 | .2509 9164 | .002566 1149 44.80 0128 | .4567 | .8478 | .010851-| .1936 | 17.84 
0030 | .2584 | .9139 | .002742 1181 43.06 || .0130 | .4592 | .8469 | .01101 1945 | 17.66 
.0032 | .2655 | .9115 | .002917 1210 41.49 0132 | .4617 | .8461 | .61117 .1953 | 17.49 
.0034 | .2724 | .9092 | .003091 1238 40.06 || .01384 | .4641 | .8453 | .01133 -1962 | 17.32 
.0036 | .2790 | .9070 | .003265 | .1265 38.76 || .0136 | .4665 | .8445 | .01149 -1970 | 17.15 
.0038 | .2854 | .9049 | .003438 | .1291 37.55 0138 | .4689 8437 | .01164 1978 | 16.99 
.0040 | .2916 | .9028 | .003611 1316 36.45 0140 | .4712 | .8429 | .01180 -1986 | 16.83 
0042 | .2975 9008 | .003783 1340 35,42 0142 | .4736 | .8421 | .01196 -1994 | 16.67 
.0044 | .3033 | .8989 | .003955 1363 34.46 0144 | .4759 | .8414 | .01212 2002 | 16.52 
.0046 | .3088 | .8971 | .004126 1385 33.57 0146 | .4781 | .8406 | .01227 -2010 | 16.37 
-0048 3142 | .8953 | .004297 1407 32.73 0148 | .4808 8399 | .01243 -2017 | 16.23 
.0050 | .3195 | .8935 | .004468 1427 31.95 0150 | .4825 8392 | .01259 -2025 | 16.08 
.0052 | .3246 | .8918 | .004637 1447 31.21 0152 | .4847 | .8384 | .01274 -2032 | 15.95 
0054 | .3296 | .8901 | .004807 1467 30.52 0154 | .4869 | .8377 | .01290 -2039 | 15.81 
.0056 | .3344 8885 | .004976 1486 29.86 0156 | .4890 8370 | .01306 -2047 | 15.67 
-0058 | .3391 8870 | .005144 1504 29.23 0158 | .4911 8363 | .01321 -2054 | 15.54 
-0060 3437 8854 | .005313 1522 28.64 0160 | .4932 | .8356 | .01337 -2061 | 15.41 
.0062 | .3482 | .8839 | .005480 | .1539 | 28.08 || .0162 | .4953 | .8349 | .01353 | .2068 | 15.29 
0064 | .3526 | .8825 | .005648 1556 27.54 0164 | .4973 | .8342 | .01368 -2074 | 15.16 
-0066 | .3569 | .8810 | .005815 1572 27.03 0166 | .4993 | .8336 | .01384 -2081 | 15.04 
0068 | .3610 | .8797 | .005982 | .1588 | 26.55 || .0168 | .5013 | .8320 | .01399 | .2088 | 14.92 
0070 | .3651 | .8783 | 006148 | .1603 | 26.08 || .0170 | .5033 | .8322 | .01415 | .2094 | 14.80 
0072 | .3691 | .8770 | .006314 | .1619 | 25.63 || .0172 | .5053 | .8316 | .01430 | .2101 | 14.69 
-0074 | .3731 | .8756 | .006480 1633 25.21 0174 | .5072 | .8309 | .01446 2107 | 14.57 
-0076 3769 | .8744 | .006645 1648 24.80 0176 | .5091 | .8303 | .01461 2114 | 14.46 
.0078 | .3807 | .8731 | .006810 1662 24.40 0178 | .5110 8297 | .01477 -2120 | 14.35 
.0080 | .3844 | .8719 | .006975 1676 24.02 0180 | .5129 8290 | .01492 -2126 | 14.25 
0082 | .3880 | .8707 | .007139 | .1689 | 23.66 || .0182 | .5147 | .8284 | .01508 | .2132 | 14.14 
0084 | 3916 | .8695 | 007304 | .1702 | 23.31 || .0184 | .5166 | .8278 | .01523 | .2138 | 14.04 
0086 | .3951 | .8683 | .007467 | .1715 | 22.97 || .0186 | .5184 | .8272 | .o1530 | .2144 | 13.94 
0088 | .3985 | .8672 | 007631 | .1728 | 22.64 || .0188 | 5202 | .8266 | .01554 | .2150 | 13.84 
0090 | .4019 | .8660 | .007794 | .1740 | 22.33 || .0190 | .5220 | .8260 | .01569 | .2156 | 13.74 
0092 | .4052 | .8649 | 007957 | .1752 | 22.02 || .o192 | .5238 | .8254 | .o1585 | .2162 | 13.64 
0094 | 4084 | .8639 | 008120 | .1764 | 21.73 || .o194 | .5255 | .8248 | 01600 | .2167 | 13.54 
0096 | .4116 | .8628 | 008283 | .1776 | 21.44 || .0196 | .5272 | .8243 | .o1616 | .2173 | 13.45 
0098 | .4148 | .8617 | .008445 | .1787 | 21.16 || .0198 | .5290 | 8237 | .01631 | .2178 | 13.36 
0100 | 4179 | .8607 | 008607 | .1798 | 20.89 || 0200 | .5307 | .8231 | .01646 | .2184 | 13.27 


TABLE I—(Continued) 


m=18 

D k Jj Cs Ce r == b k j (OF (Oy y = 
0002 | .0813 9729 | .0001946 | .03956 | 203.33 || .0102 4496 | .8501 .008671 | .1911 | 22.04 
0004 1130 9623 | .0003849 | .05438 | 141.27 |} .0104 4527 | .8491 | .008831 | .1922 | 21.76 
0006 | .1366 4 .9545 | .0005727 | .06517 | 113.81 || .0106 | .4557 | .8481 | .008990 | .1933 | 21.5u 
0008 | .1559 | .9480 | .0007584 | .07391 | 97.45 || .0108 | .4587 | .8471 | .009150 | .1943 | 21.24 
0010 | .1726 9425 | .0009425 | .08133 | 86.28 || .0110 | .4617 | .8461 -009307 | .1953 | 20.99 
0012 | .1874 9375 | .001125 | .08783 | 78.07 || .0112 | .4646 | .8451 | .009465 | .1963 | 20.74 
0014 | .2007 9331 | .001306 | .09364 | 71.68 || .0114 4675 | .8442 | .009624 | .1973 | 20.50 
0016 | .2129 | .9290 | .001486 | .09891 | 66.54 || .0116 | .4703 | .8432 | .009781 | .1983 | 20.27 
0018 | .2242 | .9253 | .001665 | .1037 | 62.28 || .0118 | .4731 | .8423 | .009939 | .1992 | 20.05 
0020 | .2347 9218 | .001844 | .1082 58.68 || .0120 | .4759 | .8414 | .010097 | .2002 | 19.83 
0022 | .2446 | .9185 | .002021 | .1123 | 55.59 || .0122 | .4786 | .8405 | .010254 | .2011 | 19.61 
0024 | .2539 | .9154 | .002197 | .1162 | 52.89 || .0124 | .4812 | .8396 | .010411 | .2020 | 19.40 
0026 | .2627 | .9124 | .002372 | .1198 | 50.52 || .0126 | .4839 | .8387 | .010568 | .2029 | 19.20 
0028 | .2711 | .9096 | .002547 | .1233 | 48.40 || .0128 | .4865 | .8378 | .010724 | .2038 | 19.00 
0030 | .2790 9070 | .002721 | .1265 46.51 |; .0130 4890 8370 | .010881 | .2047 | 18.81 
0032 | .2867 | .9044 | .002894 | .1296 | 44.79 || .0132 | .4915 | .8362 | .01104 | .2055 | 18.62 
0034 | .2940 | .9020 | .003067 | .1326 | 43.23 || .0134 | .4940 | .8353 | .01119 | .2063 | 18.43 
0036 | .3010 | .8997 | .003239 | .1354 | 41.80 ]] .0136 | .4965 | .8345 | .01135 | .2072 | 18.25 
0038 3077 8974 | .003410 | .i381 40.49 .0138 | .4989 8337 | .01150 -2080 | 18.08 
0040 | .3142 | .8953 | .003581 | .1407 | 39.28 || .0140 | .5013 | .8329 | .01166 | .2088 | 17.90 
0042 | .3205 | .8932 | .003751 | .1431 38.16 |} .0142 | .5037 | .8321 | .01182 | .20906 | 17.74 
0044 | .3266 | .8911 | .003921 | .1455 | 37.11 || .0144 | .5060 | .8313 | .01197 | .2103 | 17.57 
0046 | .3325 | .8892 | .004090 | .1478 | 36.14 || .0146 | .5083 | .8306 | .01213 | .2111 | 17.41 
0048 | .3382 | .8873 | .004259 | .1500 | 35.23 || .0148 | .5106 | .8298 | .01228 | .2119 | 17.25 
0050 | .3437 | .8854 | .004427 | .1522 | 34.37 || .0150 | .5129 | .8290 | .01244 | .2126 | 17.10 
0052 | .3491 | .8836 | .004595 | .1542 | 33.57 || .0152 | .5151 | .8283 | .01259 | .2133 | 16.94 
0054 | .3543 | .8819 | .004762 | .1563 32.81 || .0154 | .5173 | .8276 | .01274 | .2141 | 16.80 
0056 | .3594 | .8802 | .004929 | .1582 | 32.09 || .0156 | .5195 | .8268 | .01290 | .2148 | 16.65 
0058 | .3643 8786 | .005096 | .1600 31.41 .0158 | .5216 | .8261 | .01305 2155 | 16.51 
0060 | .3691 8770 | .005262 | .1619 30.76 || .0160 5238 | .8254 | .01321 .2162 | 16.37 
0062 | .3738 8754 | .005427 | .1636 30.15 || .0162 5259 | .8247 | .01336 -2168 | 16.23 
0064 | .3784 | .8739 | .005593 | .1653 | 29.56 |! .0164 | .5279 | .8240 | .01351 | .2175 | 16.10 
0066 | .3829 | .8724 | .005758 | .1670 | 29.01 || .0166 | .5300 | .8233 | .01367 | .2182 | 15.96 
0068 | .3873 | .8709 | .005922 | .1686 | 28.48 || .0168 | .5320 | .8227 | .013882 | .2188 | 15.63 
0070 | .3916 8695 |.006086 | .1702 27.97 || .0170 5340 | .8220 | .01397 2195 |’ 15.71 
0072 | .3958 | .8681 | .006250 | .1718 | 27.48 || .0172 | .5360 | .8213 | .01413 | .2201 | 15.58 
0074 | .3999 | .8667 | .006414 | .1733 27.02 || .0174 | .5380 | .8207 | .01428 | .2208 | 15.46 
0076 | .4039 | .8654 | .006577 | .1747 | 26.57 || .0176 | .5399 | .8200 | .01443 | .2214 | 15.34 
0078 | .4078 | .8641 | .006740 | .1762 26.14 || .0178 | .5418 | .8194 | .01459 | .2220 | 15.22 
0080 | .4116 8628 | .006902 | .1776 25.73 -0180 5437 8188 | .01474 2226 | 16.10 
0082 | .4154 | .8615 | .007065 | .1789 25.33 || .0182 | .5456 | .8181 | .01489 | .2232 | 14.99 
0084 | .4191 8603 | .007226 | .1803 24.95 .0184 5475 8175 | .01504 .2238 | 14.88 
0086 | .4227 | .8591 | .007388 | .1816 | 24.58 || .0186 | .5493 | .8169 | .01519 | .2244 | 14.77 
0088 | .4263 | .8579 | .007549 | .1829 24.22 || .0188 | .5512 | .8163 | .01535 | .2250 | 14.66 
0090 | .4298 8567 |.007711 | .1841 23.88 .0190 5530 8157 | .01550 .2255 | 14.55 
0092 | .4333 8556 | .007871 | .1853 23.55 .0192 5548 8151 -01565 .2261 14.45 
0094 | .4366 | .8545 | .008032 | .1865 23.22 || .0194 | .5565 | .8145 | .01580 | .2267 | 14.34 
0096 | .4399 | .8534 | 008192 | .1877 | 22.91 || .0196 | .5583 | .8139 | .01595 | .22/72 | 14.24 
0098 | .4432 | .8523 | .008352 | .1889 | 22.61 || .0198 | .5600 | .8133 | .01610 | .2277 | 14.14 
0100 | .4464 8512 | .008512 | .1900 22.32,|| .0200 .5617 8128 | .01626 .2283 14.04 


89 
Tis C— 22 


TABLE I— (Continued) 


n= 20 

S) 

DP k j Cs Ce if - Dp k j Cs Ce = 
9002 | .0855 .9715 | .0001943 | .04155 | 213.83 0102 4665 8445 .008614 | .1970 22.87 
-0004 1187 .9604 | .0003842 | .05702 | 148.43 0104 4697 8434 .008772 | .1981 22.58 
-0006 | .1434 .9522 | .0005713 | .06827 | 119.49 0106 | .4728 | .8424 | .008929 | .4991 | 22.30 
-v008 | .1636 .9455 | .0007564 | .07734 | 102.25 0108 | .4759 | .8414 | .009087 | .2002 | 22.03 
-0010 1810 .9397 | .0009397 | .08504 90.50 0110 -4789 8404 .009244 | .2012 21.77 
-0012 | .1964 .9345 | .001121 | .09177] 81.83 || .0112 | .4818 8394 | .009401 | .2022 | 21.51 
.0014 2103 .9299 | .001302 | .09778 75.11 .0114 4847 -8384 -009558 | .2032 21.26 
-0016 | .2230 .9257 | .001481 | .1032 69.69 || .0116 | .4876 | .8375 | .009715 | .2042 | 21.02 
.0018 | .2347 -9218 | .001659 -1082 65.20 -0118 -4904 -8365 -009871 .2051 20.78 
-0020 | .2457 9181 | .001836 | .1128 61.41 0120 4932 -8356 -01003 -2061 20.55 
.0022 | .2559 9147 | .002012 | .1170 58.16 0122 4960 .8347 -01018 .2070 20.33 
-0024 | .2655 9115 | .002188 | .1210 55.32 0124 -4987 8338 -01034 -2079 20.11 
-0026 | .2747 -9084 | .002362 | .1248 52.82 0126 -5013 .8329 -01049 -2088 19.89 
.0028 | .2833 -9056 | .002536 | .1283 50.59 0128 -5040 .8320 -01065 .2097 19.69 
-0030 | .2916 -9028 | .002708 | .1316 48.59 0130 5066 | .8311 | .01080 -2105 | 19.48 
-0032 | .2995 -9002 | .002881 | .1348 46.79 0132 | .5091 8303 | .01096 .2114 | 19.28 
-0034 3070 8977 | .003052 | .1378 45.15 0134 -5116 8295 -O1111 .2122 19.09 
-0036 | .3142 8953 | .003223 | .1407 43.65 0136 5141 8286 -01127 .2130 18.91 
.0038 | .3212 8929 | .003393 | .1434 42.26 0138 5166 8278 .01142 .2138 18.72 
-0040 3279 8907 | .003563 | .1460 40.99 0140 5190 8270 .01158 -2146 18.54 
.0042 3344 -8885 | .003732 | .1486 39.81 0142 .5214 8262 -01173 -2154 18.36 
.0044 3407 -8864 | .003900 | .1510 38.71 0144 .5238 -8254 .01189 -2162 18.19 
-0046 3467 -8844 | .004068 | .1533 37.69 0146 -5261 8246 .01204 -2169 18.02 
,0048 | .3526 -8825 | .004236 | .1556 36.73 0148 5284 | .8239 | .01219 .2177 | 17.85 
.0050 | .3583 -8806 | .004403 | .1577 35.83 0150 5307 | .8231 | .01235 -2184 | 17.69 
-0052 3638 -8787 | .004569 | .1598 34.98 0152 -5329 -8224 -01250 .2191 17.53 
.0054 | .3691 -8770 | .004736 | .1619 34.18 0154 -5351 8216 -01265 -2198 WEST 
-0056 | .3744 -8752 | .004901 -1638 33.42 0156 5373 8209 -01281 -2205 17.22 
.0058 | .3794 -8735 | .005066 | .1657 32:71 0158 -5395 8202 -01296 .2212 17.07 
-0060 | .3844 -8719 | .005231 | .1676 32.03 0160 | .5416 8195 | .01311 -2219 | 16.93 
-0062 3892 -8703 | .005396 | .1694 31.39 0162 5437 8188 -01326 .2226 16.78 
-0064 | .3939 -8687 | .005560 | .1711 30.77 0164 5458 8181 .01342 .2233 16.64 
-0066 | .3985 -8672 | .005723 1728 30.19 0166 5479 8174 -01357 -2239 16.50 
-0068 | .4030 -8657 | .005887 | .1744 29.63 0168 5499 8167 | .01372 -2246 | 16.37 
-0070 | .4074 -8642 | .006049 | .1760 29.10 0170 5520 8160 | .01387 .2252 | 16.23 
-0072 | .4116 -8628 | .006212 | .1776 28.59 0172 5540 8153 | .01402 -2258 | 16.10 
.0074 4158 -8614 | .006374 | .1791 28.10 0174 5559 8147 .01418 +2265 15.98 
.0076 4199 8600 | .006536 | .1806 27.63 0176 5579 8140 -01433 2271 15.85 
-0078 | .4239 8587 | .006698 | .1820 27.18 0178 | .5598 8134 | .01448 2277 | 15.73 
-0080 | .4279 -8574 | .006859 | .1834 26.74 0180 | .5617 8128 | .01463 -2283 | 15.60 
-0082 | .4317 -8561 | .007020 | .1848 26.33 0182 | .5636 | .8121 | .01478 .2289 | 15.48 
-0084 4355 -8548 | .007181 -1861 25.92 0184 -5655 8115 -01493 .2295 15.37 
-0086 | .4392 -8536 | .007341 | .1875 25.54 0186 5674 8109 | .01508 -2300 | 15.25 
-0088 4429 -8524 | .007501 .1887 25.16 0188 -5692 8103 01523 .2306 15.14 
-0090 4464 -8512 | .007661 -1900 24.80 0190 -5710 8097 -01538 -2312 15.03 
-0092 | .4499 8500 | .007820 | .1912 24.45 0192 .5728 -8091 -01553 2017 14.92 
-0094 | .4534 8489 | .007979 | .1924 24.12 0194 | .5746 | .8085 | .01568 -2323 | 14.81 
-0096 | .4567 -8478 | .008138 | .1936 23.79 0196 | .5763 | .8079 | .01583 -2328 | 14.70 
-0098 | .4601 -8466 | .008297 | .1948 23.47 0198 | .5781 | .8073 | .01598 -2333 | 14.60 
-0100 | .4633 -8456 | .008456 | .1959 23.17 0200 5798 | .8067 | .01613 -2339 | 14.49 


TABLE II 
TABLE FOR SPECIAL CONSTANTS 


R R 
P n=15 n=12 n=15 Dd n=15 n=12 w= 15 
Fs=16,000| Fs= 16,000) Fs = 16,000 Fs= 16,000 | Fs = 16,000 | Fs = 16,000 
F-=650 Fce=500 Fe= 6500 Fc. =650 F-=500 Fc= 6500 

.0002 3.12 3.13 3.12 |} .0102 117.61 84.32 90.47 
0004 6.18 6.20 6.18 -0104 118.31 84.85 91.01 
-0006 9.20 9.24 9.20 -0106 119.00 85.37 91.54 
9008 12.19 12.25 12.19 -0108 119.68 85.89 92.06 
.0010 15.15 15.24 15.15 :0110 120.34 86.39 92.57 
-0012 18.10 18.20 18.10 .0112 120.99 86.89 93.07 
.0014 21.02 21.15 21.02 .0114 121.64 87.37 93.57 
-0016 23.92 24.08 23.92 .0116 122.27 87.85 94.05 
-0018 26.81 27.00 26.81 -0118 122.89 88.32 94.53 
-0020 29.69 29.91 29.69 -0120 123.50 88.79 95.00 
-0022 32.55 32.80 32.55 .0122 124.10 89.25 95.46 
-0024 35.40 35.67 35.40 -0124 124.69 89.70 95.91 
-0026 38.23 38.54 38.23 -0126 125.27 90.14 96.36 
-0028 41.05 41.40 41.05 -0128 125.84 90.58 _ 96.80 
0030 43.87 44.24 43.87 -0130 126.40 91.01 97.23 
.0032 46.67 47.08 46.67 .0132 126.96 91.43 97.66 
-0034 49.46 49.91 49.46 -0134 127.51 91.85 98.08 
-0036 52.24 52.73 52.24 -0136 128.04 92.26 98.50 
.0038 55.02 55.53 55,02 .0138 128.57 92.67 98.90 
-0040 57.78 58.34 57.78 -0140 129.10 93.07 99.31 
.0042 60.54 61.13 60.54 .0142 129.61 93.47 99.70 
.00426 61.98 

-0044 63.28 62.74 63.28 -0144 130.12 93.86 100.09 
.0046 6§6.02 63.80 66.02 -0146 130.62 94,24 100.48 
-0048 68.76 64.82 68.76 -0148 131.12 94.62 100.86 
OO499 71.30 

.0050 71.48 65.81 71.37 -0150 131.60 95.00 101.23 
-0052 74.20 66.77 72.37 -0152 132.08 95.37 101.60 
-0054 76.91 67.70 73.34 0154 132.56 95.73 101.97 
-0056 79.61 68.60 74.28 -0156 133.02 96.09 102.33 
-0058 82.31 69.48 75.19 .0158 133.49 96.45 102.68 
-0060 85.00 70.33 76.08 -0160 133.94 96.80 103.03 
-0062 87.69 71.16 76.94 -0162 134.39 97.15 103.38 
.0064 90.37 71.97 77.78 .0164 134.83 97.49 103.72 
.0066 93.04 72.76 78.60 -0166 135.27 97.83 104.06 
-0068 95.71 73.53 79.40 -0168 135.70 98.16 104.39 
-0070 98.37 74.28 80.17 -0170 136.13 98.50 104.72 
.0072 101.02 75.01 80.93 .0172 136.55 98.82 105.04 
.0074 103.68 75.73 81.67 .0174 136.97 99.15 105.36 
.0076 106.32 76.43 82.39 .0176 137.38 99.47 105.68 
00769 107.53 fj 

.0078 108.02 7711 83.09 -0178 137.79 99.78 105.99 
.0080 108.92 77.78 83.78 -0180 138.19 100.09 106.30 
.0082 109.79 78.44 84.46 .0182 138.59 100.40 106.60 
.0084 110.65 79.08 85.11 .0184 138.98 100.71 106.91 
-0086 111.49 79.71 85.76 -0186 139.37 101.01 107.20 
.0088 112.31 80.33 86.39 .0188 139.75 101.31 107.50 
.0090 {| 113.11 80.93 87.01 -0190 140.13 101.60 107.79 
.0092 113.90 81.52 87.61 -0192 140.50 101.89 108.08 
-0094 114.67 82.10 88.21 .0194 140.87 102.18 108.36 
.0096 115.43 82.67 88.79 -0196 141.24 102.47 108.65 
-0098 116.17 83.23 89.36 .0198 141.60 102.75 108.92 
.0190 116.90 83.78 89.92 .0200 141.96 103.03 109.20 


=i 


OX 


7 <2) 
bo Asai us “8 “gh ; 


(wes. l? fl 


qt , ; a ae : rit s ioe Fayokjo 
- 1 u q j - » 
, Bat LON et: Uy lt rey Ce 
ae wit 
A } eo ik in eo 


7 he ae ei has te: ith Ee aa phe y 
: ‘ ~ a a ~ ae \ : : 7 sie iL ¥ wh, “i 


U8 vp Sores a i 


ie 4 
AP tL 


CONCRETE IN STREET AND 
HIGHWAY WORK 


INTRODUCTION 


1. Use of Concrete in Street and Highway Work. 
Concrete is extensively used in the construction of pavements 
of streets and highways as well as for building bridges, cul- 
verts, manholes, retaining walls, and sewers. In this Section 
is taken up only the use of concrete in pavements. 


2. Purpose and Functions of Pavements.—A pave- 
ment is a hard artificial surface placed upon a thoroughfare 
for the purpose of facilitating traffic. To accomplish this pur- 
pose satisfactorily the pavement must be smooth, non-slippery, 
and durable. An unimproved or poorly paved road is soon cut 
to pieces, especially in wet weather and under heavy loads. 
The main function of the pavement is to prevent such damage 
by distributing the wheel pressures over a larger area and by 
protecting the earth under the road from the softening 
influence of water. 


3 Classes of Pavements.—Pavements are conveniently 
classified according to the kind of thoroughfare upon which 
they are placed. Thoroughfares are classed as streets or as 
highways, according to location, streets being the main thor- 
oughfares of the cities, and highways being the main thor- 
oughfares of the country. A narrow street is referred to as an 
alley; a secondary branch of a highway is called a country 
road. Distinction is therefore made between street pavements 
and highway pavements, and between street pavements and 
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alley pavements. Country roads are rarely paved with per- 
manent materials. This distinction between pavements roughly 
classifies the pavements according to intensity and frequency 
of traffic; generally speaking, heavy loads pass continually on 
city streets, frequently on highways, occasionally on alleys, and 
rarely on country roads. The strength of the pavement must 
correspond to the intensity of the traffic. 


TYPES OF STREETS AND HIGHWAYS 


STREET CONSTRUCTION 


4. Typical Street Section.—A typical cross-section of a. 
street is shown in Fig. 1, where the space a b between the 
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curbs a and 0 is the roadway. Extending lengthwise of the 
street, on each side, is a gutter; between gutters, the roadway 
is rounded upwardly to a crown ¢ so that rainwater falling 
upon the roadway will drain readily to the gutters. Sidewalks 
are indicated at d and e; these also are inclined toward the 
Ps rk l Seteprauty e gutters to facilitate 
a g #8 drainage. 

The paved portions 
of the street and side- 
walks are indicated in Fig. 1 in solid black. The arrangement 
shown is customarily used in residential city districts; in 
business districts the pavement extends unbroken over the 
entire width of the street. 
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5. Typical Alley Section.—Alleys are sometimes built 
with a crowned section as in Fig. 1, but the more economical 
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construction is the so-called dished section, Fig. 2, in which the 
pavement a b c slopes from both sides to a low point at the 
center b. This section 
is more economical be- 
cause owing to the nar- 
rowness of an alley only Ae eae 
one outlet for rainwater v: 
is required, while for the 
street section two water 
outlets are needed. 


6. Use of Concrete 
in Street Pavements. 
Concrete is extensively 
used in the pavement of 
the roadway, in the con- 
struction of curbs or gutters, and in the sidewalks. Any one or 
all of these may be partly or entirely of concrete. 

In the roadway, 
concrete may be em- 
ployed for a first, or 
lower, course 4a, 
Figs’3)"calléd* the 
base or foundation, 
upon which a wear- 
ing "surface > is 
placed; or; *if “the 

Fic § wearing course is 
also of concrete, the pavement becomes an all-concrete pave- 


ment. 
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If foundation and wearing surface are both of concrete but 
are laid separately in two distinct layers, the pavement is said 
to be of two-course construction, in distinction from the one- 
course construction in which there is no distinct line between 

wearing surface and 
i Smee foundation since they 
7 are placed simultane- 
ously. 

Various designs of 
concrete curb and 
, gutter ane usedein 
combination with all- 
concrete pavements 
and other kinds of pavements. In Fig. 4 is shown a so-called 
plain curb; in Fig. 5 is a combined curb and gutter, so 
called because curb a and gutter b are in one piece. If, as in 
Fig. 6, the curb a is in one piece with a concrete pavement b, 
it is called an integral curb. 
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HIGHWAY CONSTRUCTION 
7. Width of Roadway.—While on city streets the 
width of a pavement is fixed by the width of the street, there 
are no naturally fixed limits to the width of a country high- 
way. The most desirable width is such that one line of traffic 
can move in each direction without disturbing the other. 
Unless the traffic is dense, this is possible when the roadway is 
18 or 20 feet wide, in which case it is called a double-track 
road. Where the traffic is very dense, a double-track roadway 
does not permit fast vehicles to pass slow vehicles moving in 
the same direction, and greater width may be needed; but for 
all ordinary cases, the double-track roadway is sufficient. 
When sufficient funds for building a double-track road are 
not available, a single-track road, 10 feet wide, is sometimes 
built. Roads of intermediate widths, such as 12, 14, or 16 feet 
wide, have proved to be very dangerous, because fast moving 
automobiles try to pass on the narrow road and accidents 
occur. Roads 9 feet wide have also been tried, but the 10-foot 
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road is so much more satisfactory that few if any 9-foot roads 
are now built. 

While in many cases a 10-foot roadway is sufficient for 
immediate needs, the prevailing experience has been that a con- 
crete road soon attracts so much additional traffic that the 
original width of 10 feet becomes inadequate. Some authorities 
therefore maintain that single-track roads should be constructed 
only in exceptional cases and that all roads should be made at 
least double track from the beginning. When it is difficult or 
impossible to raise money for a double-track road, a com- 
promise is sometimes made between the ideally desirable and 
the practically obtainable, and the roadbed is made wide enough 
for a future double-track road, but only a single track is built 
covering one-half the width of the roadbed, so that when more 
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money becomes available the road can easily be widened to a 
total width of 18 or 20 feet. 

Where a single-track permanent roadway is built it is neces- 
sary to provide an auxiliary strip of road alongside to permit 
vehicles to pass. This so-called shoulder a, Fig. 7, is built in a 
less permanent and less expensive manner than the main road b 
and its surface is often the natural earth, which should be kept 
free from ruts, chuck holes, and soft spots. A more satisfactory 
construction is to place a 4-feet-wide macadam roadway on 
each side of the permanent roadway. The permanent roadway 
may be of all-concrete construction, or may have a concrete 
base with a wearing surface of a different material. 


8. Typical Sections of Single-Track Road.—In 
Fig. 8 (a) is shown a single-track concrete road of a cross- 
section particularly suited to level ground. It consists of a 
central portion a of concrete, flanked on each side by 
shoulders b of macadam. The shoulders are each 4 feet wide, 
making a total useful width of 18 feet. On each side of the 
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macadam shoulders are ditches c that carry the rainwater 
away. 

Where the road is carried across a small depression in the 
ground on a low fill or embankment, the section shown in (0D) 
is employed; it differs from that in (a@) merely in the omission 
of the ditches. 

On high embankments, or in cuts, the best method is to 
widen the road to a double-track section. 

Where it is intended to provide for a future widening of the 
road, the arrangement shown in Fig. 8 (c) is used, where a is 
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the concrete slab 10 feet wide, b the space intended for the 
future widening, and ¢ the center line of the highway. The 
special feature of this arrangement is that the portion a is 
placed entirely on one side of the center line c. . 


9. Typical Sections of Double-Track Road.—A 
double-track concrete road 18 feet wide is shown in section in 
Vig. 9 (a). This section is especially intended for level ground 
or small fills ; it consists of a permanent road a flanked on either 
side by ditches b to facilitate drainage. 
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On a high fill where a double-track pavement is used, it is 
desirable to have guards on each side to prevent the wheels of 
passing vehicles from leaving the road. Such guards are easily 
provided, as shown in Fig. 9 (b), by adding to the concrete a 
small concrete curbs c cast in one piece with the road; an extra 
guard-rail may be built on top of the concrete curb. 

Where concrete roads climb steep hillsides in cuts, trouble is 
frequently experienced by the drainage water’s washing out the 
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ditches and undermining the pavement. This danger may be 
avoided by omitting the ditches and shoulders and using a 
double-track pavement to carry the drainage water down the 
hillside. The arrangement of the road is shown in Fig. 9 (c), 
where a is the concrete pavement, and ¢ an integral curb on each 
side against which the foot of the bank d is stepped. The 
water coming down the banks is discharged at once upon the 
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pavement a, which carries it down hill without any danger of 
undermining. 

Where a concrete pavement is to be placed on the side of a 
hill, the road should be sloped as in Fig. 9 (d) with the slope 
toward the hill, curbs on both sides, and a guard-rail on the 
outside, in order to prevent accident. The drainage water is 
carried away in the underdrain a. 


TYPES OF WEARING SURFACES 


10. Kinds of Wearing Surfaces.—Since streets and 
highways are built in different localities and for different pur- 
poses, different surfacing materials should be selected to suit 
the conditions ; thus, a noisy pavement is particularly objection- 
able in residential districts though it need not be especially 
strong, while extra strong surfaces must be used in manufac- 
turing and shipping districts, but the pavement need not be 
noiseless. 

Wearing surfaces are constructed either of separate blocks, 
such as brick, stone, or wood; or the surface is laid in con- 
tinuous sheets, such as asphalt or cement mortar. A brief 
description of the various types of wearing surfaces will be 
given in the following articles ; cement-mortar wearing surfaces 
will be treated later on in this Section. 


11. fFoundations.—Different kinds of foundations have 
been built to support the various wearing surfaces mentioned, 
but concrete is now almost universally used. In the following 
descriptions the term foundation means a concrete foundation. 
How these are constructed will be explained at length later. 
The general arrangement is as indicated in Fig. 3, where a is a 
concrete foundation and b a stone-block wearing surface with 
a cushion of sand between the foundation and the stone blocks. 


BLOCK PAVEMENTS 


12. Brick Pavements.—A commonly used form of 
block pavement is the so-called brick pavement consisting of a 
brick wearing surface on a concrete base. Between the base 
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and the surface is a sand cushion, or layer of sand, from 1 to 
2 inches thick; this layer makes an even and uniform bed for 
the bricks, which are set on edge upon the sand cushion after it 
has been compacted by rolling with a steam roller. The details 
of construction of such a pavement can be seen in Fig. 10, 
where a is the concrete foundation, b the brick wearing surface, 
and d the sand cushion. The other features in this illustration 
are described later. After the bricks are placed on the sand 
cushion, they are brought to a uniform level by rolling 
with the steam roller, and finally the joints between the 
bricks are filled. For filling the joints, sand has sometimes 
been used; but a bituminous filler is much better because it 
effectively seals the 
joints against water. # 
A bituminous fill- 
6F) is (2) coal-taz, 
petroleum, or natural- 
asphalt preparation 
that becomes liquid 
when heated; it is 
poured into the joints 
i a. het -states. / +2 
bituminous filler has 
the disadvantage of 
becoming soft in hot weather, in which state it lends no support 
to the edges of the individual bricks, which, therefore, are 
likely to chip and crack under heavy traffic. A mortar or grout 
composed of Portland cement and sand is much superior in 
this respect. 
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13. Portland-cement filler is made of equal parts of 
cement and sand mixed in a tight box with so much water that 
the resulting grout will flow readily into the joints between 
blocks—that is, it is of the consistency of thin cream. This 
grout is poured upon the pavement and swept into the joints 
with stiff brooms. Sometimes special machinery is used for 
mixing and spreading the grout; one such machine is a small 
gasoline-driven concrete mixer provided with a movable spout. 
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In operation this machine is rolled over the newly laid brick, 
discharging its contents over the entire area within reach of 
the spout. The weight of the machine is purposely reduced to 
a minimum and the wheels have extra wide rims in order to 
disturb the bricks as little as possible. 

It is important that water be poured upon the pavement 
before the grout is placed, in order to saturate the sand cushion 
and the bricks, otherwise the grout will dry out too quickly to 
obtain its full strength. 


14. Uses of Brick Pavements.—In those parts of the 
country where bricks are manufactured, brick pavements are 
extensively used in highway construction, as well as for streets 
in residential city districts. There are in existence many older 
pavements constructed of soft bricks laid on a foundation bed 
of sand or gravel; such roads generally are unsatisfactory, as 
they wear badly unless conditions are exceptionally favorable. 
The modern brick pavement, consisting of hard-burned brick on 
a substantial concrete foundation, is very satisfactory and 
deservedly popular both with abutting property owners and 
with the users of the road, because of its wearing qualities 
and good appearance. 


15. Stone pavements consisting of squared stones set 
upon a concrete base with a sand cushion intervening as in 
brick pavements, are used to take care of exceptionally heavy 
traffic. 


16. Wood-block pavements are always laid upon a 
concrete base. The pavement consists of wooden blocks 6 to 
12 inches long, 3 to 4 inches wide, and 3 to 4 inches deep; 
these blocks are set with the fibers vertical. Between the con- 
crete and the wood, a sand cushion, a layer of cement mortar, 
or a layer of asphalt is placed. The blocks are chemically 
treated before laying, in order to increase their life. An occa- 
sional sprinkling of sand lengthens the life of the pavement 
and renders it less slippery in wet weather. 

Wooden blocks make an attractive pavement for suburban 
residence streets, because they are practically noiseless; they 
are also sometimes used in the business-district streets. 
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SHEET PAVEMENTS 


17. Asphalt Pavement.—An asphalt pavement has an 
asphalt wearing surface laid on a concrete foundation or base. 
Fig. 11 shows a section through the curb and pavement, where 
the asphalt a rests upon the concrete base Db. 

An asphalt wearing surface consists of a layer of 
bitumen mixed with coarse sand, laid hot, and compacted and 
smoothed by rolling with a steam roller, which sometimes is 
provided with heating apparatus. The finished thickness is 
usually 1$ or 2 inches. In order to make this surface coat 
stick to the concrete base, a so-called binder course is placed 
between foundation and wearing surface. The binder course 
consists of about 95 per cent. of stones up to 14 inch in diam- 
eter and 5 per cent. of certain 
bituminous materials well mixed, 
laid hot, and rolled to a thickness 
of about 14 inches. 

The bitumen used in asphalt 
pavements is obtained by refining 
raw asphalt, which occurs in na- 
tural deposits in various parts of 
the world. It is also obtained as 
a by-product in the manufacture 
of petroleum. The use of asphal- 
tic products in road construction is very large and is rapidly 
growing, especially in the form of road oil used for sprinkling 
upon dirt or stone roads to consolidate the surface. Roads so 
treated are very satisfactory and very largely free from the 
objectionable slipperiness of asphalt pavements which in wet 
weather makes an asphalt pavement dangerous, especially on 
grades. Asphalt pavements therefore cannot be used on steep 
grades, but brick, stone, or concrete must be placed where a 
street or road ascends a hillside, in order to afford a secure 
foothold for horses or automobiles. 
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18. Bituminous cement, asphalt cement, and 
bituminous concrete are terms frequently used in connec- 
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tion with asphaltic pavements, and specialists engaged exclu- 
sively in asphaltic construction are apt to use the words cement 
and concrete when referring to bituminous materials. In this 
Section, and indeed in engineering language generally, cement 
is always understood to mean Portland cement, and concrete is 
always understood to mean Portland-cement concrete, unless it 
is expressly stated otherwise. 

Bituminous cements are bituminous materials that 
possess cementing qualities and are suitable for use as a binder. 
These bituminous materials may be asphalts, refined water-gas 
tars, refined coal tars, combinations of tars, or combinations of 
tars and asphalts. 

Asphalt cement is a bituminous cement produced by mix- 
ing together refined asphalt and heavy fluxing oils; it contains 
from 60 to 100 per cent. pure bitumen. It is especially suitable 
for use as a binder in the manufacture of asphaltic pavements. 

Bituminous concrete, or asphaltic concrete, is com- 
posed of a graded mineral aggregate, proportioned to reduce 
the voids to a minimum, mixed with a sufficient quantity of 
bituminous cement to fill all the voids and coat all the particles 
of the aggregate with bitumen. The mineral aggregate is usu- 
ally broken stone of graded sizes of particles varying from 
% to 1} inch in longest dimensions; broken slag, gravel or shell 
is also used, and sand, Portland cement, rock screenings, min- 
eral dust or combinations thereof are frequently added to make 
the mixture as compact as possible. The amounts of bitumen 
used in bituminous-concrete mixtures vary from 5 to 11 per 
cent. of the volume of the aggregate. 


19. Bituminous-concrete pavements comprise all 
those having wearing surfaces of bituminous concrete. The 
thickness of the wearing surface varies from 14 to 3 inches, 
depending on the character of the traffic expected on the pave- 
ment. The foundation course on which the wearing sur- 
face is laid is usually of concrete for pavements designed for 
medium and heavy traffic ; for light-weight traffic, however, sat- 
isfactory results may be obtained by using well compacted 
broken-stone foundations, varying from 6 to 8 inches in depth. 
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Bitulithic pavement is a patented form of bituminous- 
concrete pavement, designed to meet the conditions generally 
prevailing on city streets. It is laid upon a substantial foun- 
dation, usually of concrete. The bitulithic pavement consists 
of two layers in addition to the concrete base. The lower 
layer is composed of carefully graded stones and stone screen- 
ings so proportioned that the voids are reduced to a minimum; 
the stones are mixed hot with such a quantity of bituminous 
binder that all the existing voids are filled with bitumen. This 
mixture is spread hot over the base and rolled with a heavy 
steam roller. Upon completion of the rolling the top layer is 
placed by spreading a thin coat of a liquid bituminous prepara- 
tion into which is sprinkled a 4-inch layer of fine stone screen- 
ings ; this is rolled until smooth and hard. On account of the 
grittiness of the stone screenings a bitulithic pavement does not 
become slippery even in wet weather, and at the same time 
presents a smooth and noiseless surface to the traffic. 


USE OF CONCRETE IN PAVEMENTS 


20. Economic Reasons for Use of Concrete.—Since 
the Romans constructed the first permanent roads many cen~ 
turies ago, only one material has been found available for 
road foundations, namely, broken stone. The only essential 
advancement made in recent years is the use of a binder 
between the stones for the purpose of uniting the individual 
stones into one large monolithic slab of artificial stone. 

The cheapest improved road is the water-bound macadam 
road, which consists of broken stone of various sizes without a 
binder. This is excellent for light traffic when kept in repair, 
but under heavy automobile trucks or under light pleasure auto- 
mobiles traveling at high speed such roads break down rapidly. 
For intense traffic of this kind, either bituminous macadam, 
bituminous concrete, or Portland-cement concrete provided with 
a suitable wearing surface must be used. The all-concrete road 
is extensively used, especially for country highways. It is 
cheaper than bituminous macadam or bituminous concrete, 
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requires less repairs, and is less injured by tire chains, traction 
engines, and heavy loads. 

It is universally agreed that it is not the first cost alone, but 
also the cost of upkeep, that must be considered in deciding 
upon the kind of road to build. The first cost of a concrete 
road, whether all concrete or provided with a wearing course, 
is about one and one-half to two times as much as macadam. 
But, since the cost of upkeep of a mile of 18-feet-wide maca- 
dam road is ten times that of a mile of concrete road, the 
concrete soon becomes the cheaper, especially since a macadam 
road under heavy traffic is entirely worn out in 7 to 10 years, 
while a properly constructed concrete road shows no appreci- 
able wear in that time. 


21. Practical Advantages of Concrete Pavements. 
Concrete is generally conceded to be the most suitable material 
known for pavement foundations. If, in certain cases, the 
concrete itself is not sufficient to meet a given adverse condi- 
tion (such as very soft and wet soil) it is a simple matter and 
not very expensive to add reinforcement in the shape of rods, 
wire netting, or expanded metal, in order to strengthen the 
concrete. 

Practically all engineers and builders are agreed in regard to 
the superiority of concrete foundations, but when it comes to 
surface finishes or wearing coats, a great divergency of opinion 
exists. However, the durability of properly made concrete 
wearing courses is now pretty well recognized; the wear and 
tear on a concrete road surface is small indeed and only the 
hardest vitrified brick shows less wear. A concrete surface 
offers less traction resistance than any other known type of 
pavement, so that greater loads can be hauled with less expendi- 
ture of energy, especially since the hoofs of the horses or the 
tires of automobiles do not slip on the surface; contrary to 
what one might possibly expect, concrete is less slippery than 
any other surface with the possible exception of water-bound 
macadam. Maintenance and repairs are relatively inexpensive. 
The comfort of users is taken care of by the smoothness, good 
appearance, noiselessness, and absence of dust. 
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22. Disadvantages of Concrete Pavements.—For 
best results, even under the most favorable conditions, an all- 
concrete pavement or a road with concrete foundation should 
be kept closed to traffic for at least 30 days after the concrete 
is laid, in order to allow it to harden. This delay, in addition to 
the time consumed in construction, is the greatest disadvantage 
in the use of concrete. Another objection is that concrete roads 
are likely to crack into irregular areas. There is a tendency for 
the concrete to crack longitudinally in the center of the road, 
the edges of such cracks are constantly battered by the steel- 
tired wheels of farmers’ wagons, and in time the crack is 
enlarged into a chuck hole. Prompt repairs are therefore 
essential; repairs are usually made by going over the road 
annually and pouring hot bitumen into any cracks that may be 
found. Ordinarily this may be done at small cost, and con- 
stitutes the only charge for upkeep on all-concrete or brick- 
surfaced roads—in addition, of course, to that for taking care 
of the shoulders and ditches along the road. 

Most concrete engineers believe that the longitudinal or 
irregularly diagonal cracks in concrete pavements are due to a 
faulty construction of the sub-foundation, and often to insuffi- 
cient provision for contraction and expansion under the 
influence of changes in temperature and moisture conditions. 


CONCRETE STREET AND ROAD 
FOUNDATIONS 


23. Function of Pavement Foundations.—A good 
foundation, or base, is necessary to distribute properly the con- 
centrated wheel loads of vehicles over a sufficiently large area 
of the earth on which the foundation rests, which must ulti- 
mately carry the loads. In order to perform this function, the 
foundation must have requisite strength. The strength of a 
concrete foundation depends primarily upon its thickness and 
the proportions of the materials in the concrete. If sufficient 
strength cannot be obtained economically by increasing the 
foundation thickness or making the mixture richer, then rein- 
forcement must be added. 
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A foundation must be so laid that it will permit the proper 
installation of the wearing surface ; therefore, its surface must 
be prepared with due regard to the requirements of the wearing 
coat. Hence, there are four important features of a concrete 
base to consider, namely, (1) thickness, (2) proportions of 
mixture, (3) reinforcement, and (4) surface finish of the base 
itself. 


24. Thickness.—If the foundation bed is of uniform 
hardness the concrete foundation should theoretically be of uni- 
form thickness. In practice, this uniform thickness is obtained 
by giving the earth, or foundation bed, a surface parallel with 
that of the pavement, so that the concrete foundation, the 
cushion, and the wearing course are all of uniform thickness. 
There is no universally accepted rule for the thickness of the 
foundation, but the following values may serve as a guide under 
average conditions: For heaviest traffic in large cities, 
10 inches; for secondary business streets with heavy traffic, 
7 to 8 inches; for light business streets or ordinary residence 
streets as well as ordinary highways, 6 inches. 

These figures are for uniform thickness of concrete, the 
crown of the pavement being obtained by forming the crown in 
the foundation bed. However, as shown in Fig. 9, in all- 
concrete pavement the crown is formed by making the concrete 
thicker at the center than at the edge. 

Extra thickness is used to strengthen the pavement where 
ditches extend under the street, but the better construction is 
so to prepare the foundation bed that a uniform bed is obtained 
upon which to lay the base. 


25. Quality and Proportions of Materials.—The 
cement, sand, and stone must be the best of their respective 
kinds, inspected and tested, and carefully stored and handled on 
the job. The cement must be protected against the weather and 
the aggregate must be free from earth or clay. 

The mixture commonly used is 1: 24:5. I£ increased 
strength of foundation is desired, it may be obtained by 
increasing the thickness or by making the concrete richer, 
or both. Which is the cheaper way can be ascertained only 
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by a careful estimate based upon local prices. In most cases 
it is cheaper to increase the thickness than the cement con- 
tent, because the strength of the concrete pavement increases 
practically in direct ratio to the increase in richness, but it 
increases in proportion to the square of the thickness. For 
instance, if it is proposed to build a concrete base 6 inches 
thick of 1 : 3 : 6 concrete, the changing of the proportions to 
1: 15: 3 would make the foundation twice as strong, but 
changing the thickness to 12 inches would make the foundation 
4 times as strong. 

The amount of water in the concrete mixture should be 
sufficient to make a wet concrete, but not so wet that free water 
will rise to the surface or flow from the concrete. 


26. Reinforcement.—For pavement foundations, rein- 
forcement consisting of steel rods is used in exceptional cases. 
The rods may be individual bars laid lengthwise and crosswise 
in the concrete, or they may be in the form of woven or welded 
wire netting, or in any other suitable form. The purpose of the 
reinforcement is to aid the concrete in bridging any soft spots 
in the foundation bed and to prevent the formation of cracks in 
the concrete. Reinforcement will of course be beneficial in 
these respects, but it has the disadvantage of adding materially 
to the first cost and of making it difficult to break up the pave- 
ment where it is desired to install gas or water pipes. The use 
of reinforcement in concrete foundations is therefore not 

“encouraged, especially in cities. 


27. Surface Finish.—The surface of completed founda- 
tion should conform closely to the outline of the finished street 
surface. Especially great care must be taken with the foun- 
dations for wood-block pavements and bituminous surfaces, 
because inequalities in the foundation surface will cause 
unequal thickness of the binder layer and consequent unequal 
compression under travel, which again results in a wavy wear- 
ing surface and quick deterioration of the entire pavement. 
But this does not mean that concrete must always be smooth; 
on the contrary, best results are obtained when sheet asphalt 
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and bitulithic pavements are laid upon a rough base, because 
then the top course sticks better to the base. Brick pavements, 
having a sand cushion, do not require any special finish as long 
as the surface is uniform; but wood-block pavements usually 
are laid on a smoothly finished concrete base. 


ALL-CONCRETE PAVEMENTS 


INTRODUCTORY REMARKS 


28. Historical.—The use of concrete wearing surfaces 
for streets and highways is a comparatively recent innovation, 
the first all-concrete pavement in the United States having been 
laid in Bellefontaine, Ohio, in 1893. This pavement was laid 
in blocks about 5 feet square, and while the resulting numerous 
joints were objectionable, and unnecessary according to more 
recent experience, this pavement has given satisfactory service. 
Similar experiments were made in other small cities with 
similar results, and various types of all-concrete street pave- 
ment became popular. The real impetus to the new industry 
arose, however, from the demand for permanent pavements 
on highways, which was caused by the increased use of auto- 
mobiles and the resulting fast destruction of the water-bound 
macadam roads. All-concrete highways have been built in 
every state in the Union, but especially in the Middle West. 
Owing to this greater use of all-concrete construction in high- 
ways, the following discussion naturally emphasizes highway 
construction, although reference will also be made to streets. 


29. Methods of Constructing Concrete Pavements. 
In constructing pavements entirely of concrete, two methods 
are used; namely, the two-course method, in which a concrete 
base course is laid and afterwards finished with a concrete or 
mortar wearing surface; and the one-course method, in which 
the entire thickness of the pavement is laid in one operation. 

The two-course method often has the advantage of being 
cheaper, since the base can be made of less expensive concrete 
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than the top, which must be able to withstand the abrasion of 
the traffic. There is, however, an objection to using the two- 
course method, since the top is likely to separate from the base 
unless properly bonded thereto. , 


DESIGN OF ALL-CONCRETE PAVEMENTS 


30. Elements Influencing Design.—The width being 
given, the four chief elements to consider in the design of a 
concrete pavement are thickness, crown, grade, and reinforce- 
ment. These are all influenced by local conditions such as 
nature of soil, intensity and kind of traffic, and climate. It is 
not possible to reduce the influence of the various elements to 
hard and fast rules, therefore practical experience forms the 
only known guide to successful design. 


CROSS-SECTION OF A PAVEMENT 


31. MThickness.—Since traffic generally follows the 
middle of the road, the wear is naturally greatest at the center ; 
also, since the pavement acts as a slab in distributing the load 
from the traffic on its surface, it has a greater: tendency to 
break at the center than elsewhere. or these reasons con- 
crete pavements are usually made thicker at the center than at 
the edges. Roads so constructed may also prove better able 
to withstand the heaving action of frost, which often causes 
greater stresses at the center than at the edges. Some engi- 
neers, however, consider it advisable to make the pavement 
of uniform thickness throughout; therefore, when speaking of 
the thickness of concrete pavements it is always necessary to 
give the dimensions beth at the edges and at the center. 

The thickness must be greater where the climate is severe, 
where the foundation bed is soft, where the traffic is heavy, 
and if the concrete is lean, than under more favorable con- 
ditions. Usually the thickness is increased with the width, 
because on wide roads the pavement is more likely to crack 
longitudinally than on narrow roads. The following thick- 
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nesses are recommended by the Committee on Concrete Roads 
and Pavements of the American Concrete Institute: 

For light traffic, the thickness should be at least 6 inches at 
the edges, the center having a thickness of 8 inches for single- 
and double-track roads, 9 inches for triple-track roads (27 feet 
wide), and 94 inches for quadruple-track roads (36 feet wide). 

For heavy traffic, the thickness should be at least 8 inches at 
the edges, the center being 10 inches thick in roads 20 feet wide, 
11 inches thick in roads 30 feet wide, and 12 inches in roads 
40 feet wide. 

In humid sections a minimum thickness of 6 inches at the 
edges and 8 inches at the center should be specified, and the 
majority of roads in the eastern part of the United States are 
so built. However, for heavy traffic and extreme climatic con- 
ditions, a minimum thickness of 8 inches is preferable. City 
streets are sometimes made even thicker. 


32. Crown.—A pavement is crowned for only one pur- 
pose, that is, to give the road such a slope sidewise that the 
rainwater will run off readily. Since a high crown detracts 
from the usefulness of the street by making the foothold of 
horses less secure, the most desirable road is the one which has 
the least crown consistent with the proper drainage. Less 
crown is required on highways than on streets, because on a 
highway it is sufficient merely to shed the water sidewise, while 
on a street having gutters the depth and therefore the capacity 
of the gutter becomes insufficient when the crown is too low. 
For concrete highways, a crown of y3> of the width is suffi- 
cient, while for streets this may be increased to +s of the width. 
These figures are for average conditions; more crown is 
required in wet and less in dry climates. 


33. Grade.—By the grade of a road is understood its 
inclination with the horizontal. Thus, if a road climbs 3 feet 
in every 100 feet of horizontal travel the road is said to have a 
grade of 3 per cent. A 3-per-cent. grade is about the steepest 
en which horses can descend at a fast trot without danger of 
slipping, regardless of the nature of the surface. However, 
much steeper grades are used in practice, and concrete pave- 
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ments are usually recommended for grades not exceeding 5 or 
6 per cent. in wet climates and 7 or 8 per cent. in dry climates. 
It is claimed by some engineers that concrete is too smooth for 
grades exceeding those named, although there are numerous 
instances of concrete pavements having grades of 9, 12, and 
15 per cent., and even steeper. In Los Angeles one concrete- 
paved street has a grade of 29 per cent.; on such grades traffic 
cannot ascend, so the pavement is installed mostly to protect 
the street from being washed out by the rain. 

Even where the surface is paved with concrete, the problem 
of drainage on steep grades is a difficult one, because the rain- 
water has a tendency to wash and erode the earth shoulders. 
This tendency is greatly minimized by preventing the accumu- 
lated water from discharging over the earth or macadam 
shoulders. One method of preventing sidewise discharge is 
to dish the pavement in the center instead of crowning it, the 
construction being similar to that already explained for alleys. 


34. Reinforcement.—While it is generally conceded 
that an all-concrete pavement with reinforcement is stronger 
than a similar pavement without reinforcement, engineers do 
not agree as to the economical advantage of using reinforce- 
ment. Those opposed to reinforcement claim that greater 
strength may be obtained by spending the money on increased 
thickness of concrete rather than on steel, and that the amount 
of steel usually placed in a pavement is too small to strengthen 
the concrete materially. Nevertheless, there are over 3,000 
miles of reinforced-concrete pavement in this country and the 
mileage is constantly increasing. Those who have used rein- 
forcement are generally in favor of continuing its use, especially 
where the foundation bed is soft or difficult to drain, and 
where a roadway wider than 20 feet is used. It is generally 
recognized that reinforcement is effective in preventing large 
shrinkage cracks. 

In designing reinforcement the following three points must 
be considered: (1) The quantity of steel to run lengthwise of 
the road, (2) the quantity of steel to run crosswise of the road, 
and (3) the location of the reinforcement in the concrete. 
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35. According to the “Recommended Practice,” formu- 


lated in 1919 in a report issued by the Committee on Concrete 
Roads and Pavements of the American Concrete Institute, 
concrete pavements should have a reinforcement of wire mesh 
or expanded metal weighing approximately 25 pounds per 
100 square feet of road surface. This reinforcement is 
placed near the upper surface of the slab, but not less than 
2 inches from the finished surface. The reinforcing mesh or 
web contains strands running lengthwise in the pavement and 
strands running crosswise in the pavement; the Committee 
recommends that the strands running crosswise should con- 
tain from 3 to 5 times as much metal as those running length- 
wise. 

More detailed regulations were jaid down at the Second 
National Conference on Concrete Road Building, held at Chi- 
cago in February, 1916. The Committee on Reinforcement 
recommended that : 

(1) The steel running lengthwise of the road should have 
a cross-sectional area of .03 square inch per foot of width, 
regardless of the length, width, or thickness of the road. 

(2) The steel running crosswise of the road should have 
cross-sections as follows: 


For a 16-feet-wide road, .09 square inch per foot of length. 
For a 20-feet-wide road, .10 square inch per foot of length. 
For a 30-feet-wide road, .12 square inch per foot of length. 
For a 40-feet-wide road, .15 square inch per foot of length. 

(3) The reinforcement should be placed near the top of 
the slab, yet not nearer than 3 inches to the wearing surface. 
This, it will be noted, is the reverse of what is commonly used 
in the construction of buildings and bridges, where the steel is 
usually placed near the bottom. 

The types of reinforcement most used are those which can be 
obtained in rolls or sheets, such as woven or welded wire 
fabric and expanded metal. Many manufacturers of such 
articles offer for sale a product specially adapted for road work. 
Special care must be taken to insure that the reinforcement is 
correctly placed, and especially that the sheets are perfectly 
straight without any buckled, warped, or bent strands. 
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To straighten bent or buckled reinforcement, the sheets, after 
being cut to the proper dimensions, are placed in one pile on 
the road bed and a steam roller is run over the pile until all the 
wrinkles have been ironed out. Reinforcement received in 
rolls can, however, also be straightened by passing the mesh 
through a straightening machine, which consists mainly of 
cylindrical rolls between which the mesh is pulled by a team 
of horses. 

Small metallic pins having a point at one end and with a 
hook at the other end are driven into the ground at close inter- 
vals for the purpose of holding the reinforcement in place; the 
point facilitates driving the pin down and the hook supports 
the reinforcement. 


SHOULDERS AND CURBS 


36. Shoulders.—The shoulders alongside the concrete, 
which provide additional width for passing traffic, also serve 
to prevent undermining of the road slab by water, an important 
feature, especially where the road is carried across a shallow 
depression and is subject to periodical overflow. 

The shoulders may be constructed of earth, gravel, broken 
stone, or cobblestones, the chief requirement being that the 
materials of the shoulders shall pack well under traffic and 
form a passable road surface. Gravel and stone containing 
some clay pack well and are preferable to clean materials ; 
macadam makes a very suitable construction ; and properly laid 
cobblestones are especially valuable as protection where the 
road is subject to inundation at certain seasons. 

In building and maintaining concrete road shoulders, care 
should be taken to slope their surfaces well toward the ditches, 
as otherwise stagnant pools of rainwater will form and soften 


the foundation bed. 


37. Curbs are frequently omitted when the shoulders are 
of gravel or macadam, but otherwise a curb is desirable. Stone 
curbs are good, -but usually too expensive; the most practical 
and economical curb is the integral curb already mentioned, 
which is frequently used where the shoulders are of earth, 
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Where reinforcement is used in a pavement having integral 
curbs, the mesh or rods are extended into the curb in order 
better to anchor the curb, but otherwise reinforcement is not 
used in curbs. 


CONSTRUCTION OF ALL-CONCRETE 
PAVEMENTS 


MATERIALS 


38. Cement and Lime.—The cement used in road work 
must be tested by an expert and must comply with standard 
specifications. The tested cement must be protected against 
moisture, which is not always easy to do on account of the 
nature of the work. Until taken out for use, the cement must 
be stored in a well-built, moisture-proof cement house; at the 
mixer, the cement is placed upon a raised platform to guard 
against moisture from the ground and is covered with tar- 
paulins to guard against rain. 

The surface of a concrete pavement must be as dense and 
impervious to water as possible, for which reason the admix- 
ture of a small amount of lime (less than 10 per cent.) to the 
cement has been recommended by some engineers. The use of 
lime for pavements is, however, still in the experimental stage 
and the tests have not been sufficiently extensive to give con- 
clusive results. . 


39. Sand.—The quality of the sand has a great influence 
on the strength of concrete. Especially good concrete is 
required in roads because they are severely tested by impact 
and abrasion, by moisture and frost. Sand composed of hard 
grains, tough and durable, and carefully graded from } inch 
downwards, with coarse particles predominating, meets the 
requirements of good work provided it is free from silt, clay, 
and organic matter. 

Good practice requires that the sand be tested to determine 
its suitability, since silt causes the surface to scale under traffic, 
and organic matter tends to weaken the concrete. Of the vari- 
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ous common tests for sand, the most efficient one is the strength 
test (described more fully in another Section). Specimens are 
made of 1:3 mortar, the proposed sand being used in one half 
of the specimens and standard Ottawa sand in the other half; 
the same cement is used in all specimens. At an age of 3 days, 
the specimens of proposed sand must be at least 15 per cent. 
stronger than those of Ottawa sand; at 7 days, 5 per cent. 
stronger; and at 28 days, at least as strong as Ottawa sand. 
The test specimens may be either 2-inch cubes or cylinders 
2 inches in diameter by 4 inches long, and are tested in com- 
pression. 


490. Coarse Aggregate for One-Course Pavement. 
In one-course pavements, the coarse aggregate must be hard, 
tough broken stone, well graded, and free from lumps of clay 
and flat or elongated particles. Lumps of clay wash out of the 
surface, leaving small holes and pockets; flat or elongated 
pieces are chipped by the traffic and produce much the same 
effect, giving the water entrance and laying the pavement open 
to the ravages of frost. Another common source of trouble is a 
coating of clay or dust clinging to the stones; such a coating 
prevents the proper binding together of the materials. 


_ 41. Coarse Aggregate for Wearing Course of Two- 

Course Pavements.—In one-course work the same high 
grade of materials must be used throughout, but in two-course 
work it is permissible to use an aggregate not quite so tough 
and hard for the base. The wearing course must contain the 
very best materials obtainable. Where concrete materials of 
average quality are abundant and cheap, and those of high 
grade scarce and expensive, the two-course road is usually 
much cheaper than one-course construction, because of the 
saving entailed by the use of the cheaper materials in the base 
course. 

The essential requirements of the aggregate for the wearing 
course of a two-course pavement are hardness, toughness, and 
durability. Excellent materials that have these qualities are 
crushed granite, trap rock, hard field stones, or boulders, and 
clean silicious gravel. The materials are crushed and screened. 
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In some cases only the material ranging in size from 4 inch to 
1 inch is used as coarse aggregate; in other cases only that 
from } inch to $ inch is so used. Sizes smaller than } inch are 
imate to be sand. 


42. Mixed Aggregates.—In order to insure proper pro- 
portions in the concrete mixture, it is necessary that the fine 
and the coarse particles always be separated by screening, 
whether the aggregates originate in a natural deposit of bank 
gravel or are the product of a stone crusher, because otherwise 
the proportions of fine and coarse will vary from wagon load 
to wagon load and from day to day. 

It has sometimes been proposed to remix the aggregates 
at the screening plant, after separation, so as to obtain a 
properly graded mixture. The advantage claimed is that only 
one kind of aggregate would have to be hauled out on the road. 
Experience shows, however, that even when carefully mixed at 
the plant, the different sizes become separated while being 
hauled, so that uniformity of mixture cannot be obtained in 
this manner. 


PROPORTIONS 


43. One-Course Pavement.—tThe essential quality of 
any pavement is its ability to resist the wear and tear caused by 
the traffic on its surface. In one-course concrete pavements, 
the prevailing practice is to use a 1 : 14: 3 mixture, although 
pavements with a leaner mixture suchas 1:2: 3and1:2: 4 
have been satisfactory. 


44. Two-Course Pavement.—In two-course work, a 
commonly used mixture for the base course, where the soil is 
hard and good materials are obtainable, is 1 : 2$ : 5; this mix- 
ture is used for about the lower two-thirds of the total thick- 
ness. Thus, if the total thickness is 6 inches, the lower 4 inches 
is built of the 1 : 2$.: 5 mixture. This leaves a thickness of 
2 inches for the wearing surface, and, on account of the relative 
thinness, a richer mixture can be used for it without adding 
greatly to the cost. The mixture used for the wearing course 
depends upon the size of the coarse aggregate. As already 
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stated, this may be graded from 4 inch to $ inch, and for this 
size a 1: 1: 1§ mixture is used, or it may be graded from 
t inch to 1 inch, in which case a 1 : 14 : 24 mixture is used. 
Where all the materials are strictly first class, either combina- 
tion may be used, depending upon which proves to be the 
cheaper; but where the materials are not of first class, the 
1 : 13: 2} mixture using coarse aggregate graded from 4 to 
1 inch is preferable. 


EXPANSION AND CONTRACTION JOINTS 


45. Purpose of Joints.—It is generally believed that the 
well-known tendency of concrete pavements to crack is the 
result of contraction and expansion of the concrete slab under 
the influence of temperature and moisture changes; therefore, 
joints are frequently installed in the pavement in order to allow 
free expansion and contraction. There is, however, ample 
evidence to show that pavements without expansion joints do 
not always crack, also that pavements with joints close together 
often do crack; so that not every cause of cracking has yet been 
satisfactorily explained. For this reason some engineers 
advocate the entire elimination of joints, especially where the 
pavement is reinforced, while others recommend spacing the 
joints as far apart as 75 feet or more. The majority of roads 
are provided with joints spaced from 25 to 35 feet apart. The 
tendency is to increase the spacing to 50 feet, which is the 
spacing recommended for expansion joints by the Committee of 
the American Concrete Institute. 


46. Construction of Joints.—There are two kinds of 
joints, the expansion joint and the contraction joint. The 
expansion joint is an interval between adjacent slabs, cut 
squarely across the road to form a right angle with the traffic, 
exactly vertical, and having a width of from 4 to 4 inch; it 
thus permits both expansion and contraction of the slab. Con- 
traction joints are mere planes of division made by separating 
successive blocks of concrete by thin sheets of material— 
usually sheet steel 4 inch thick. Contraction joints are usually 
of the so-called concealed type, in which the dividing material 
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does not extend to the surface of the concrete, but is left 1 inch 
low. The expansion joint is much more commonly used than 
the contraction joint, and in the following articles reference is 
had throughout to the expansion joint. 

Longitudinal joints are sometimes used in wide streets, but 
it is better to omit them. Longitudinal joints, as well as cross- 
joints that are too wide, or adjacent slabs that are not at the 
same level, furnish points of attack for steel-tired vehicles. 
With such conditions, the concrete rapidly breaks down under 
the constant pounding of the traffic and chuck holes ultimately 
result. 

There are two kinds of expansion joints, the protected and 
the unprotected. The protected joint has a felt filling with 
steel protection plates set in adjoining faces of the slabs; the 
unprotected joint has only a felt filler. The use of steel 
plates for joints is not recommended; for, concrete being less 
resistant to wear than steel, the concrete next to the steel plate 
may wear down leaving the steel plate projecting in a ridge 
which is very hard on traffic. The methods used in install- 
ing the plates and forming the joints will be described later on 
in this Section. Steel protection plates should, however, 
always be installed at the edges of slabs at intersections and 
alley turnouts, not only to protect the edge of the concrete 
against wear from traffic, but to provide means of making 
properly protected joints at these points if concreting is con- 
tinued from these places at some future time. 

Unprotected joints are formed by setting up strips of wood 
or metal at the required location and laying the concrete around 
or against them; these strips serve merely as temporary forms 
or molds and are removed and reused. One objection to this 
method is that unless great care is exercised in removing the 
forms, the upper corners of the joint are likely to be injured, 
leaving a ragged edge. To doctor such unsatisfactory work 
with cement mortar is usually futile, because the patch breaks 
off under traffic ; if any patching is to be done, a portion of the 
concrete should be cut away at the injured spot and a sub- 
stantial body of concrete, well bonded to the old surface, should 
be cast in place against a temporary form. 
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Where an integral curb is built, the joints are made con- 
tinuous through pavement and curb. The joint in the curb 
should be at least as wide as that in the pavement, so that there 
will be a complete separation between adjacent units of the 
curb. 


47. Filling for Expansion Joints.—Various materials 
are used for filling expansion joints. Prepared strips of 
bituminous material and fiber matrix 4 inch to } inch in thick- 
ness are recommended by the Committee of the American 
Concrete Institute. Tarred felt is also sometimes built into 
the joints and allowed to remain; this method has given quite 
satisfactory results. Another method consists in filling the joint, 
after the form has been removed, with a melted bituminous 
cement of such composition and consistency that it will not flow 
out under the summer heat. This bituminous cement will ordi- 
narily have sufficient hardness and strength adequately to sup- 
port the edges of the joints, but will yield to the expansion of 
the concrete in hot weather. 


PROTECTION AND CURING 


48. Protection and curing of concrete pavements should be 
given careful attention. After the concrete in a road or street 
has been laid, it should be protected from drying out too 
rapidly, so that maximum strength and wearing qualities 
may be secured. The best materials and the best work- 
manship will not produce a satisfactory pavement if the 
concrete is allowed to dry out rapidly in hot weather by 
exposure to hot winds, or by exposure to low temperatures 
which result in freezing of the concrete before it has hardened, 
or by allowing the pavement to be opened to traffic too soon 
after placing the last concrete. 

The most commonly used method of protecting concrete 
pavements against premature drying out is to place a covering 
of earth, 2 inches thick, on top of the concrete; this covering 
should be kept moist by sufficient sprinkling. In cold weather 
when hardening is slower it is not always necessary to apply 
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the earth covering, as frequent sprinkling of the concrete sur- 
face itself is sufficient. In general, however, an earth covering 
is to be advocated, and should be kept on for at least 10 days. 


49, Ponding.—Where a sufficient supply of water is 
available, the ponding method of curing a concrete pavement 
may be used with success, at a less cost than that required to 
apply an earth cover and sprinkling. In this method, small 
dikes and dams, as shown in Fig. 12, are made by banking clay 
or earth about 10 inches wide and high, so that the water will 
be retained in small ponds on the pavement surface. The pave- 
ment is then flooded until the water stands at least 2 inches 
deep over the center of the pavement. 

If there is curbing, only cross-dikes are required, and these 
should be placed about 15 feet apart, and preferably over 
expansion joints to prevent water from entering the subgrade 
at these points. 

The ponding method is only suited to pavement surfaces 
where the grade is flat or under 3 per cent., as any greater 
grade than this requires dikes so high as to make the method 
uneconomical. 

During extremely hot weather the concrete should be pro- 
tected with canvas just as soon as it has been hand-floated, and 
this protection should be left in place until the concrete has 
hardened enough to permit applying a layer of protective 
material. For this reason, contractors should have as a part 
of their equipment sufficient canvas-covered frames to cover a 
surface corresponding to about one-half day’s work. For ease 
in handling, the canvas may best be in strips about 6 feet wide 
and slightly longer than the width of the pavement to be cov- 
ered, so that it can be weighted down along the edges. Canvas 
that has been waterproofed is economical in the long run, 
because it will wear longer than ordinary canvas and will not be 
affected by moisture. 


50. Protection in Cold Weather. — During cold 
weather, methods used for curing and protecting concrete pave- 
ments are modified considerably. The temperature at night is 
likely to drop low, and if the pavement is covered with earth 


Zu NE = Ie 
ig ee = = 


31 


32 CONGRETE IN STREET 


and sprinkled, warmth that might be obtained from the sun 
during the daytime to harden the concrete will largely go to 
dry out and heat the earth covering. Therefore, in cold 
weather pavements should not be covered with earth but 
merely sprinkled sufficiently to keep the surface moist. 
Concrete pavement construction should never be carried on 
at a season of the year when freezing may be expected; the 
work should be suspended until favorable weather conditions 
prevail. If for any reason it is necessary to finish a short sec- 
tion of slab so that the work may be discontinued at an advan- 
tageous point, then aggregates and mixing water should be 
heated. Concrete should never be laid on a frozen subgrade. 


51. Opening Pavement to Traffic.—During warm 
weather a concrete pavement should be kept closed to traffic 
for at least 14 days, and preferably for 3 weeks; after comple- 
tion. During cold weather, concrete will harden slowly, so 
the time for hardening must be considerably extended, and only 
experience can determine how much. If it is imperative that a 
highway be opened to traffic earlier, and there is doubt as to the 
concrete being sufficiently hard to withstand traffic, more earth 
should be thrown upon it to receive the jar or impact of traffic, 
and this covering should be left in eee until all possibility of 
injury to the concrete has passed. 


MAINTENANCE AND REPAIRS 


52. The best possible provision for maintenance of a con- 
crete road is to use good materials and the best methods of 
construction, so that repairs will be infrequent. The defects in 
a concrete road can almost always be traced to some fault in 
the materials or in preparing or placing the concrete, or to 
neglect of some important features in preparing the subgrade. 

Next in importance to good materials and thorough work- 
manship is that all imperfections in the road should receive 
attention as soon as they are discovered. If this is not done, 
small breaks will become large holes, making expensive repairs 
necessary. 
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53. Bituminous Carpet.—lIt is claimed by some engi- 
neers that since the cracks and pits which sooner or later form 
in any concrete pavement are patched with bituminous mate- 
rial, the application of a thin coating, or carpet, of bitumi- 
nous cement upon which stone screenings or coarse sand is 
uniformly spread reduces the cost of maintenance of a concrete 
pavement, and makes the pavement entirely waterproof. The 
slightly elastic or yielding cushion of bitumen between the sur- 
face of the concrete and the travel is said to protect the con- 
crete surface from abrasion, and to prevent the formation of 
dust. The use of a carpet has been tested to some extent, but 
not sufficiently to warrant any definite conclusions. 

The objection to the carpet is that it is likely to be lifted 
bodily from the pavement by the action of wheels, or to neve 
in waves with the traffic, and frequent renewals are necessary. 
It is rather generally conceded that a well-finished concrete 
surface is superior in every respect. 


54. Repairing Cuts Through Pavement. — The 
repairs that are likely to be necessary to concrete pavements 
will fall mostly into three general classes: (1) The replace- 
ment of the pavement where it has been cut through to lay or 
repair underground pipes or other municipal work; (2) the 
repair of depressions or chuck holes caused either by original 
faulty construction or by. the normal effects of wear; 
(3) repairs along expansion joints or self-formed cracks in the 
pavement. 

Where cuts have been made through the entire depth of the 
pavement and the foundation bed has been excavated, as when 
pipes are laid, the back-filling of the trenches should be inves- 
tigated. The restored pavement may reasonably be expected 
to serve its original purpose of transmitting and distributing 
its loads to the foundation bed, but not to perform the function 
of a bridge spanning a sunken trench several feet wide. Where 
trenches of considerable depth in soft or crumbling earth have 
remained open for some time, their sides are likely to have 
caved in, leaving the pavement at the edge of the trench over- 
hanging the caved portion. In back-filling, as commonly done, 
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the cavity under the pavement is likely to remain unfilled, or if 
filled at all, the filling may be loose and uncompacted, so that 
not only the restored area of the pavement, but a considerable 
area of the adjoining pavement, may be without support. It is 
therefore important that the condition of the back-filling be 
looked into, and, particularly, that any caves or imperfectly 
refilled cavities under the edge of the old pavement shall be 
properly filled and consolidated. 

The exposed edges of the old pavement should be thoroughly 
cleaned and freshened by the use of a stone axe or other tool, 
and dressed with slightly sloping sides so that the new concrete 
when in place will act like the keystone of an arch. The new 
concrete should be as nearly as practicable of the same com- 
position and quality as the original and should be made and 
placed with the same care. Special care should be taken that 
the surface joint between the old and the new concrete shall 
be filled out with sound concrete and not be left ragged and 
porous, to be later plastered over with mortar. The surface of 
the restored area should be at the same elevation and conform 
exactly to the plane of the surrounding pavement. Travel 
over the new surface must be prevented until the concrete has 
thoroughly hardened, and the surface should be covered with a 
layer of moist earth, and kept moist by frequent sprinklings 
for at least seven days. 


55. Repairing Chuck Holes.—Where depressions 
2 inches or more in depth, commonly called chuck holes, 
have formed, the depression should be cleaned of all debris and 
dirt, including any broken concrete, down to the solid undis- 
turbed concrete. The edges of the depression are then cut 
vertically so as to expose a fresh surface and form a firm and 
strong shoulder against which the new concrete may rest. The 
cavity is filled with a concrete mixture proportioned the same 
as the concrete of the original pavement. Before the concrete 
is put in place the freshly exposed surfaces of the cut should be 
coated with a 1 : 2 grout well broomed in place to insure firm 
contact with and adhesion to the old surface. The depression 
should immediately be filled with the new concrete, which 
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should be truly graded and well tamped into place, so that the 
surface will conform exactly to the plane of the adjoining 
pavement. 

The patch must be protected and kept moist until the con- 
crete becomes well hardened. Repair patches thus made 
should prove as durable as the original pavement, and should 
not be noticeable after short exposure to traffic. 

A depression between 1 inch and 2 inches in depth 
should be thoroughly cleaned and dried and then painted with 
hot tar, and the cavity filled with pebbles and sand so graded 
that a minimum of voids is secured. After tamping or rolling 
until this material is firm, hot tar is poured on sufficient to fill 
the voids and leave a slight excess on the surface. Dry sand is 
spread on and the surface left to be ironed down by traffic. 

Imperfections up to 1 inch in depth are repaired in 
the same manner as will be explained for expansion joints. 


56. Repairing Expansion Joints. — Cracks and 
expansion joints that are spalled are swept clean with wire 
brooms, and hot tar at 225° F. is poured in to fill the crack and 
allow a slight excess on the surface. The tar should be 
allowed to stand for a brief time, say one minute, to prevent 
bubbles, and clean coarse sand should then be spread on. The 
traffic will iron out the excess application. 

When the expansion joints have disintegrated so that deep 
holes have formed, the method for repairing holes more than 
2 inches deep should be used. 


CONCRETE CURB AND GUTTER 


57. Use of Concrete Curbs.—Concrete has been used 
for curbs for many years and in constantly increasing quanti- 
ties, especially for streets in residential districts, parkways, and 
private drives. For such purposes, concrete combines good 
appearance with ample strength and reasonable cost. For 
streets with heavy trucking, the concrete may be strengthened 
by embedding a metal protector in the exposed corner of the 
curb, but for narrow streets where wheels of heavily loaded 
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vehicles are constantly striking against the curb, concrete is 
mot se well adapted as certain hard natural stones, such as 
granite. 


SS. Kinds of Concrete Curbs.—as previously explained, 
concrete is used in curbs for macadam or other stone roads 
where no concrete foundation is used under the pavement ; this 
type of curb is called plain concrete curd. The use of concrete 
may extend also to the gutter, which is then built in one piece 
with the curb, in a construction called combined curb and 
gutter. This type is also used extensively where the pavement 
foundation is of concrete, although a much cheaper and equally 
good construction can be had by using the integral curb, which 
is a concrete curb cast in one piece with the pavement founda- 
tron. 


CONCRETE CURBS 


59 Plain Curb.—The dimensions of plain concrete 
eurbs vary somewhat; but the general shape of the cross- 
section is nearly always like that shown in Fig. 4. The height 
ef the curb above the street gutter should not be less than 
4 inches nor more than 9 inches, the usual height being 6 to 
7 inches. The top width may vary from 4 inches for private 
driveways to 6 inches or 8 inches on public streets. The upper 
corners should be molded to a curve of from $-inch to l-inch 
radius, depending somewhat upon the width of the curb, The 
total depth of the curb depends upon local conditions, climate, 
and character of subsoil. The depth should be greatest in cold 
climates, where the greatest source of trouble is the heaving by 
the frost, which, however, is avoided somewhat by tapering the 
cross-section upward as shown; but entire freedom from heav- 
ing can be secured only by proper drainage. Some soils are 
porous and the water is carried away easily, but in clayey soils 
drain tiles as indicated in Figs. 4 and 5 must be used. 


60. Integral Curb.—When a street is to be curbed and 
paved at the same time and the pavement is to have a concrete 
foundation, the curb and the foundation may be made mono- 
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lithic, or integral, as shown in Fig. 10. This is a very satis- 
factory and economical construction provided that the concrete 
for the curb is put in place before the concrete of the founda- 
tion has begun to harden, so that the bond between the two 
will be complete and secure; otherwise water and frost may 
penetrate the joint and destroy the stability of the curb. 

Two outlines of curb are indicated in Fig. 10. The full 
line e shows the best design, which has a sloping face toward 
the street instead of the vertical face f commonly used. The 
vertical face is objectionable, because rims and tires of auto- 
mobiles are injured by scraping against it. The sloping face e 
is much better in this respect, since a car can be driven as close 
as desired without fear of injury to wheels or tires. 


61. Combined Curb and Gutter.—Concrete combined 
curb and gutter may be of various forms and dimensions, 
depending primarily upon the desired width of gutter, which in 
practice varies from 1 to 3 feet, usually about 15 or 18 inches. 
Fig. 5 shows a typical form of combined curb and gutter for 
macadam roads and streets without a concrete foundation. 


MATERIALS AND METHODS OF CONSTRUCTION 
OF CURBS 


62. Metal Corners for Curbs.—When the curb is likely 
to be subjected to severe shock or abrasion from the traffic, it 1s 
desirable that it be reinforced 
or protected by a metal bar or 
strip set in the concrete. Such 
protectors should always be 
used at street intersections, 
because the curb at the corner 
is especially exposed; similar 
strips are, however, also often 
used between corners even 
where the danger from the 
traffic is not particularly great. Several forms are in use, one 
of which is illustrated in Fig. 13, While under construction, 
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the strip is held in position by cast-iron brackets, or frogs, 
supported against the wooden forms, and the concrete is built 
around it. Care is necessary to insure close contact between 
the concrete and the metal so as to leave no voids around 
the bar. 


63. Construction of Curb.—Good work in the construc- 
tion of concrete curb follows the same general principles as 
other concrete work. One rather common method, which 
should not be tolerated, is to build the body of the curb of 
ordinary concrete and the surface of rich mortar; many curbs 
so constructed have failed by the facing separating from the 
body. For good work, good concrete should be used through- 
out. 

The proportions of materials and sizes of aggregates are 
varied to suit the character of the work; stones that will pass 
a $-inch screen are the largest ordinarily used. A mixture 
used for first-class work is 1 : 2: 3, but leaner mixtures are 
also frequently employed. 

The concrete is deposited between forms of wood or steel. 
If these are removed after the concrete has hardened to some 
extent but not entirely, and the surface is gone over lightly 
and skilfully with wire brushes, a good surface may be 
obtained. Placing a coat of mortar or neat cement should not 
be allowed because the thin coat thus produced is likely to peel 
and craze; crazing designates the appearance of a network of 
very fine hair-line cracks which disfigure the surface even 
though they do not actually injure the work. 

Joints are usually made in integral curbs by continuing the 
expansion joint through the curb. In other types of curbs and 
gutters, joints are placed at intervals, often 12 feet apart. 
These joints should extend entirely through the concrete and 
be from 4 inch to 4 inch wide. 
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CONCRETE SIDEWALKS 


64. Advantages of Concrete Sidewalks.—Concrete 
is very much in favor as a material for sidewalks and its use is 
constantly increasing, because well-laid concrete sidewalks are 
almost ideal both for utility and for appearance. They are 
very durable, seldom in need of repairs, and may be installed at 
less cost than any other sidewalk of equal merit. 


65. Construction of Sidewalks.—A concrete side- 
walk may be considered as a miniature concrete pavement in 
most respects. It is customary to lay sidewalks in blocks or 
slabs separated by joints. The size of each block is from 3 to 
6 feet square; the joints may be made by means of forms 
extending across the concrete or by cutting with a spade-like 
tool. The edges are rounded with a so-called edging tool, 
which is a trowel with a rounded edge. 

As already explained for pavements, a well-drained founda- 
tion bed, good materials, and careful workmanship are essen- 
tial. One-course or two-course work is used for sidewalks as 
for pavements. One not uncommon blunder in sidewalk con- 
struction is to construct a wearing surface of extra-rich mix- 
ture troweled to a glossy surface. Such finish wears no better 
than one less expensive and becomes exceedingly slippery in 
frosty weather. 

The materials used in sidewalks are similar to those used in 
pavements but smaller in size. In two-course work the stone 
in the base course should not exceed 1 inch, nor 2 inch for the 
surface course. For one-course work all the aggregate should 
pass a }-inch screen. Granite and trap rock are the best for 
sidewalk work, but hard limestone and clean gravel are fre- 
quently used with good results. 

The finished walk must be kept moist for several days until 
hardened, and is preferably kept covered with boards, tar- 
paulins, or tar paper to protect it against injury. 
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FIELD OPERATIONS AND EQUIPMENT 


PREPARATION OF ROADBED 


66. Necessity for Thorough Work.—The first work 
in connection with paving a road or street is to prepare the 
natural earth foundation bed to receive the paving material. 
The foundation bed, also called the subgrade, must have the 
correct alinement and grade, and its surface must have the true 
form required. No other feature of road construction deserves 
more careful attention than the preparation of the subgrade, 
because experience has shown that most of the cracks in con- 
crete pavements are due to settlement, poor drainage, or other 
unstable conditions of the roadbed, usually disclosed only after 


the pavement has been completed. The care and slight addi- 
tional cost necessary properly to prepare the subgrade are well 
justified in the superior service that the road will render and 
the assurance that subsequent cracking will be largely, if not 
entirely, eliminated. 

The operations necessary in preparing the roadbed, as given 
in the following, are practically the same for all classes of 
pavements, although some of the details relate particularly to 
concrete pavements. 


67. Grade Line.—A profile of a road is a vertical longi- 
tudinal section such as Fig. 14, showing the elevations of points 
at the surface and along the grade line. The grade line, also 
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called finished grade or final grade, is the imaginary line rep- 
resenting the surface of the finished roadway; and this may 
be either level or sloping. The grade line, as shown on the 
profile, consists of a series of straight lines a, b, c, whereas 
the surface of an unimproved road will be represented by an 
irregular line. In order to bring the surface of the roadbed to 
the position indicated by the grade line, it is necessary to 
excavate the material at the points + where the grade line a b c 
is below the natural surface, represented by the full line m y n, 
and to fill in material, as at y, where the grade line is above the 
natural surface. This process is called grading, the depth of 
excavation is called the cut, and the depth of the material filled 
in or piled as an embankment is called the fill. At any point 
the difference in elevation between the natural surface and the 
grade line is the cut or the fill. The lower outer edge of an 
embankment is called the toe of the slope. 

In grading, the material removed in making cuts is used for 
fills or embankments, and it is therefore desirable so to locate 
the grade line that as much material is excavated in the cuts as 
will be required to make the fills. If there is an excess of 
material it is placed in a convenient place called a spoil bank. 
If the material from cuts is not sufficient for the fills, it is 
necessary to haul additional material from some other place 
called a borrow pit. A contractor is expected to haul mate- 
rial of excavation and embankment a specified distance, called 
free haul, without extra compensation. Any distance in 
excess of the limit of free haul is called overhaul, and for 
this an allowance is made to the contractor. 


68. Setting Reference Stakes and Transferring 
Levels.—The grade line is marked in the field by wooden 
stakes driven in the ground so that the contractor will know 
the exact lines and grades upon which to work. Care should be 
taken not to disturb or misplace stakes, and for his own safe- 
guard the contractor should preserve them, properly marked, 
as the work progresses. 

The final survey on road work is often made some time in 
advance of commencing grading and the placing of concrete. 
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In order to avoid the trouble and expense of setting grade 
stakes several times for different stages of the work, it is good 
practice, where cuts and fills are not too great, to set reference 
stakes at the time of making the final survey. These reference 
stakes are set so far to one side of the road that they will be 
out of the way of teams and construction operations. If pos- 
sible, the stakes should be set at a constant distance from the 
center line of the road to guard against possible mistakes in 
locating the center line. On the face of each stake should be 
shown its distance from the center line of the road and the 
amount of cut or fill below or above its top. 

When there is a curve in the road, the stakes should be set on 
both sides of the road on radial lines; that is, on lines at right 
angles with the direction of the road. The stakes are usually 
set on the curve at points 100 feet apart, called stations, 


Fig. 15 


The curb is located from these stations by joining two adjacent 
stations by a line, and then laying off distances from this line to 
points on the curb. The distance from a point on the curb to 
the corresponding point on the line is called the offset; the 
offset is always measured at right angles to the line between 
stations. 

If the distance from the reference stakes to the points on 
the road which are required for grading or setting forms is 
short, a straightedge and carpenter’s level may be used for 
transferring the levels. If the distance is too great for this 
method, a light but strong mason’s line (which is a piece of 
strong string) is substituted for the straightedge. As shown in 
Fig. 15, a stake a is driven in the subgrade at a point directly 
opposite the reference stake b from which the level is to be 
transferred. The line c should be taut between the two stakes 
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with one end on the reference stake. The other end should be 
moved up or down until the bubble in the level held at d is 
centered, and the level e thus obtained is marked on the stake. 
As in all leveling practice, the level should be reversed on 
the line as a check. The correct elevation for the subgrade or 
the forms may then be determined by measuring down from the 
point e when the top of the reference stake is above grade. 
When the top of the reference stake is lower than the subgrade, 
a stake sufficiently long should be driven alongside the refer- 
ence stake and the line attached to it several feet above the top 
of the reference stake, then carried across the road and leveled 
as before. The elevation may then be determined by measur- 
ing downwards from the line and allowing for the amount that 
the line is above the reference stake. 


GRADING 


69. Preparation of an Existing Roadway.—A con- 
crete pavement may be laid directly on an old road surface. In 
preparing the old surface all vegetable or other perishable 
matter should be removed, and material used for fills must be 
free from vegetable matter or any other perishable material 
that will rot and cause settlement. If in certain sections of a 
road it becomes necessary to place a fill on the surface of an 
old road, the surface should be scarified several inches deep so 
that it can be leveled and given uniform compactness before 
any fresh material for filling is added. The material of the 
fill should be laid in layers 8 to 12 inches thick and rolled to a 
uniform density with an 8- or 10-ton roller, so that the fill will 
not settle and result in cracks in the concrete slabs. If concrete 
is to be laid directly on an old gravel or macadam road, the 
surface should be scarified and recompacted and a layer of fine 
material such as clean sand should be spread upon it and rolled 
in to make a smooth surface. This will prevent loss of mortar 
which would tend to flow from the concrete into any holes or 
depressions in the surface. 


70. Fills and Cuts.—Fills should be allowed to stand as 
long as possible, preferably through a winter, before placing 
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concrete, so that in addition to the rolling, natural settlement 
and consolidation may take place. All material placed for fills 
should be sprinkled preparatory to rolling whenever the mate- 
rial is such as to permit sprinkling. 

An old fill that is to be widened or widened and raised 
should first be plowed down and spread out to the full width 
of the base of the new fill, so that there will be no slipping of 
the new material; if it is not plowed down, the old fill will form 
a core of compact material in the embankment which will not 
unite with the new material. When it is not practicable to 
plow down the old fill completely, the sides should be cleared 
of vegetable matter and any other refuse and furrowed with a 
plow to provide a bond that will prevent slipping between old 
and new material. 

The final grade in cuts should be secured, when possible, by 
leveling the material a little above required grade and compact- 
ing it with a roller. The amount of rolling required must be 
determined on the job, as it will vary with the nature of the 
soil and with the amount of loose material left on the grade 
after cutting. In widening a roadbed on a side hill, the extra 
width should be obtained preferably by placing the pavement in 
the cut if possible, so that the pavement slab will rest on cut 
rather than on fill. This will help to prevent slipping or settle- 
ment. 


71. Disposition of Excess Material. — Whenever 
there is a surplus of material from the cuts, it is desirable te 
leave sufficient earth at the roadside to be used later for cover- 
ing the pavement surface in the process of curing. This will 
save the expense of rehauling the earth required for the pro- 
tective covering and, if necessary, this material can be hauled 
away more economically after the road has been opened to 
traffic. 

The engineer should specify the location of all spoil banks, so 
that the contractor can base his estimate on exact knowledge 
and submit an intelligent bid. If the contractor is obliged to 
guess the length of such hauls he is likely to bid too high in 
order to safeguard himself against losses. 
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72. Checking Subgrade.— Before any concrete is 
placed, the subgrade should be checked by the engineer to see 
that it has the true grade and is of uniform density. In Fig. 16 
is shown a wooden templet used for checking the subgrade. 
The lower edge is cut to the exact form required for the sub- 
grade. If the examination discloses any soft spots, they should 
be dug out, refilled with clean gravel or other suitable material, 
and properly compacted with a heavy roller. If coarse gravel 
or stone is used, the voids should be sealed by rolling in some 
fine material to prevent loss of mortar from the concrete. 


DRAINAGE 


73. Nothing is more important in road or street work than 
proper drainage of the surface and subgrade. Insufficient 
drainage causes cracks in the pavement, both by unequal settle- 
ment and by the freezing and expanding of water beneath the 
pavement. Insufficient drainage also causes the slabs to settle 
unevenly after heaving, which may result in unequal levels at 
the joints between adjoining slabs. 

The drainage of roads involves taking care of rain falling on 
the road itself, as well as of surface and underground water 
from outside areas. The drainage must be rapid and thorough, 
and various methods are used according to local conditions and 
the judgment of the engineer. 


74. Surface Drainage on Streets.—Surface drainage 
of concrete street pavements is provided for by crowning the 
surface and arranging proper and sufficient inlets to sewers. 
Care should be taken to see that the edges of the pavement 
which form the gutters are smooth and true, with no irregulari- 
ties or depressions that will collect or retain water. This is 
particularly important where the grade of the street is nearly 
flat. 

On streets that are level or nearly so, it is sometimes neces- 
sary to provide for drainage by sloping down the gutter line 
toward the sewer inlets, at the same time maintaining the flat 
level at the center of the street. This can be accomplished by 
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gradually changing the crown of the street, beginning at a 
point midway between the two inlets and gradually increasing 
toward the inlets. This construction increases the cost of 
grading and of protection plates, as the latter must be made 
with varying degrees of curvature. It also adds materially to 
the difficulty of striking off the concrete, and is therefore not 
recommended if any other suitable method of caring for the 
drainage can be devised. One method is to keep the crown 
constant and give the pavement a slightly undulating grade 
with its highest points midway between inlets. Such changes 
of grade will not be noticeable to the eye. Drainage of con- 
crete alleys is provided for by dishing the surface of the alley 
so that the center of the pavement becomes in reality a gutter. 


75. Side Ditches on Roads.—Surface drainage of con- 
crete roads is provided for by crowning the pavement surface 
and sloping the shoulders to side ditches. The latter must be 
made large enough to care for the water falling on the road as 
well as to provide necessary drainage from adjoining areas. 
Side ditches should not be made so deep as to become a danger 
to traffic. If the required open ditch would assume such pro- 
portions, it is better to lay tile drains of sufficient capacity to 
carry the water and then to back-fill the trench. In some 
instances the required capacity of a side ditch can be secured by 
making it wider. 

The slope of the sides of ditches will depend upon the nature 
of the soil, but it should be such that the flow of water will not 
tend to cause the sides to cave and thus impede the flow. The 
bottom of a ditch should not be less than 12 inches wide and in 
level country not less than 2 feet below the surface of the 
pavement, and should have sufficient grade to carry off the 
water and prevent silt from being deposited. On steep grades 
the bottom of the ditch should be protected with cobblestones 
or a concrete gutter to prevent wash, or some means should be 
taken to break up the flow at intervals. 

Where a road is built on a hillside a ditch should be pro- 
vided on the up-hill side to intercept surface water before it 
flows over the road. Suitable outlets must be provided for this 
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ditch; in fact, water should not be carried for any considerable 
distance in any ditch, as the quantity soon reaches such propor- 
tions as to cause rapid scour to the waterway. Culverts should 
be provided at frequent intervals to carry water under the road 
and into the nearest waterway. 


76. Underdrainage.—lf{ the soil of the subgrade is one 
that will not naturally drain readily, underdrainage must be 
introduced in the form of tile lines and broken stone, as shown 
in Figs. 4, 5, 10, and 11. The principal object of under- 
drainage is to remove the water from the soil just under the 
pavement and thus to prevent cracking of the slabs from heav- 
ing of frozen subgrade. Underdrainage also causes the sub- 
grade to dry out quickly after a thaw and prevents the accumu- 
lation of water from higher levels under a frozen top crust, the 
effect of which would be to lift the slab by hydrostatic pressure. 

For city streets, tile lines for subgrade drainage should be 
laid under the curb; and for roads they should be laid from 
1 to 2 feet beyond the edge cf the concrete on both sides of the 
road. The practice of laying a tile drain under the slab either 
at its center line or near its edges should not be followed, 
because the drain is not accessible if it becomes clogged, and 
the water is not led away so effectively as when the tile line is 
placed at the side. Furthermore, a trench beneath the slab is a 
source of weakness and is likely to allow settlement and sub- 
sequent cracking. 


77. When conditions do not permit constructing a ditch 
on both sides of the road, as where there are car tracks on one 
side of the road, a tile line may be laid along that side where 
there is not room for a ditch. This line can be discharged at 
frequent intervals by cross drains connecting with the ditch on 
the opposite side. 

If springs of water exist under or near the pavement they 
should be tapped by a line of tile so that their flow can be 
carried to a convenient outlet. On subgrades of spongy or 
boggy nature, tile lines may be laid diagonally across the sub- 
grade at frequent intervals and connected with a longitudinal 
drain at the side; possible cracking of slabs due to settlement 
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of the trenches may then be prevented by embedding suitable 
reinforcement in the concrete. 


78. Layer of Porous Material.—It is a quite common 
practice to place a layer of porous material, such as crushed 
stone, gravel, or sand, between the foundation bed and the con- 
crete, to provide drainage. If the mass of the material used is 
porous and of adequate depth and provided with ample drain- 
age outlets, this plan should insure proper drainage, but this 
construction is quite expensive and is open to other objections. 
Unless firmly compacted (which lessens its drainage capacity) 
the porous material may subsequently compress irregularly 
under the weight of travel, and lack of proper support may 
cause the concrete to settle unevenly or possibly to be broken. 
The pressure and vibration due to loads passing over the street 
may gradually work the earth of the foundation bed up into 
the drainage bed and prevent the passing of water, especially if 
the bed is deficient in depth. 


79. Laying of Tile.—Before digging the trench to lay 
tile, grade stakes should be located every 100 feet, the amount 
of cut, preferably to the even foot, being marked on the face of 
the stake. When preparing the bottom of the trench, the 
correct grade for the tile is obtained by measuring down from a 
line set parallel with the grade of the tile line. To do this, a 
stake is driven on each side of the trench at the stations, which 
are usually 100 feet apart, and a horizontal board is nailed to 
each set of stakes at a constant distance above the grade line for 
the tiles. After these boards have been set, a line is stretched 
tightly across them to indicate the center line of the tile line. 
Tiles are then placed by measuring the proper distance below 
this line with a gauge, which is essentially a light stick of the 
proper length. 

Care should be taken to avoid any sags or humps in the 
tile line, as these will cause the tiles to fill up quickly with silt 
and so reduce the effectiveness of the waterway. Tile having 
rough interior or uneven joints should be avoided as these also 
contribute to clogging, and increase resistance to flow. Noth- 
ing is superior to well-made concrete tile for road drains. Such 
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tiles are true to shape, without warp, and can be laid to perfect 
line and grade with tight joints. 

The bottom of the trench should be cut to the curve of the 
tile by using a tile hoe or curved spade,.so as to form a good 
seat for them as they are placed in the trench. As each tile is 
placed, it should be turned until the joint is as close and tight 
as possible. Once flow of water has been established toward 
the line, but very little joint opening is necessary to cause all 
water that must be removed to find entrance to the waterway. 
At curves, all sharp angles and turns must be avoided, and the 
trenches should be dug with a gradual easy curvature. Since in 
laying the tile around the curve, the joints will necessarily open 
on one side, the openings should be covered by pieces of 
broken tile. 

When back-filling a trench, the first few inches above the tile 
may be gravel, stone, or some other clean, coarse material that 
will invite free flow of water to the tile line and at the same 
time prevent entrance of any considerable amount of silt. It is 
advisable to fill the whole trench with porous material where 
open ditches are provided for the surface water. 


CONSTRUCTION DETAILS 


FORMS 


80. Side Forms.—Forms for concrete pavement con- 
struction may be of wood or steel, the former being generally 
used on small jobs only. Wooden forms should be made of 
at least 2-inch stock, free from large knots, and of straight- 
grained lumber that will not tend to warp in use. The 
top edges of wooden forms should be protected with metal 
plates to prevent them from wearing irregularly, as any irregu- 
larity would be transferred to the pavement surface when the 
templet, or so-called strikeboard (to be described later on), 
is guided along the tops of the forms. This metal protection 
should preferably be in the form of light steel angles that will 
also tend to stiffen the planks and keep them in line. 
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Iron stakes or pins will be found much more satisfactory 
than wooden stakes for holding forms to line. Wooden stakes 
are very hard to drive in the ground and are quickly destroyed, 
which makes it necessary continually to supplement the supply 
of stakes. Steel stakes should be of #- or $-inch stock, as 
lighter weight will bend too easily. 

Steel forms should be so constructed that they have maxi- 
mum stiffness with minimum weight. There are several very 
satisfactory types of commercial forms on the market, each of 
which has its merits. The main idea in all is substantially the 
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same, namely, that they are supported on some type of specially 
constructed pins. These pins may be driven accurately to line 
and grade some distance ahead of the concreting gang and the 
forms carried forward and hung on them as required. One 
type of steel form for concrete pavement is shown in 
Fig. 17 (a) and (b). The form consists of channel irons a 
set on edge, which are spliced by means of a fish-plate b 
riveted on to one channel iron as shown and locked to the other 
by means of the eccentric pin c. 

Occasional oiling of wood and metal forms is necessary in 
order to prevent concrete from adhering to them. 
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HANDLING MATERIALS ON THE JOB 


81. Cement.—Cement should be stored in a tight building 
that will prevent deterioration from exposure to dampness. 
The floor should be raised above the ground and the sacks 
placed in piles that will not be in contact with the outer walls 
of the building or with other piles, so that there will be some 
circulation of air. On the job, cement should always be piled 
on boards raised above the ground, and covered with tar- 
paulins for protection from showers. Pieces of board or 2 by 
4’s should be laid on top of the piles to hold the tarpaulin away 
from the sacks to prevent a water-soaked tarpaulin from com- 
ing in contact with them. On road work it always pays to have 
one or two men assigned solely to the job of properly piling 
and bundling sacks, as cloth sacks in good condition are 
redeemed by the mills. 


82. Aggregates.—In nearly all cases, aggregates are 
dumped in piles along the subgrade—crushed stone or pebbles 
to one side and sand to the other, as shown in Fig. 18. To 
avoid the possibility of shoveling up earth from the bottom of 
piles of material, some contractors have found it advantageous 
to dump the materials on planks laid across the subgrade. 
These planks also prevent wagons used for hauling materials 
from cutting up the prepared subgrade. For loading broken 
stone that has been dumped on a dusty or sandy subgrade, a 
stone fork or ballast fork is efficient, as it can be pushed into 
the pile more easily than a shovel and enables laborers to pick 
up stone close to the subgrade without including dirt. 


83. Estimating Amounts of Materials.—For esti- 
mating the quantities of cement, sand, and crushed stone (or 
pebbles) required for any given road, Table I is convenient. 
The quantities given are those that would be consumed if no 
losses occurred; in practice there is always a certain amount 
of waste, for which reason an allowance of about 10 per cent. 
for losses must be added. The table is based on the assump- 
tions usually made in practice that stone contains 45 per cent. 
voids and that 1 barrel of cement equals 4 cubic feet. 
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In the first column, the width of pavement is given, ranging 
from 9 to 40 feet. The next heading, Thickness of Pavement, 
embraces three columns, namely thickness at sides, thickness at 
center, and average thickness. In the fifth column the cross- 
sectional area of the road is given in square feet; this area is 
obtained as the product of width of pavement and average 
thickness. In the sixth column are indicated the number of 
cubic yards per linear foot of pavement; in order to obtain the 
total number of cubic yards in a pavement, multiply the figures 
of the column by the length of the pavement in feet. In the 
seventh column, the number of square yards of surface area of 
pavement is given for a mile of road; this information is of 
value in determining the amount of surface finishing required. 
In the eighth and ninth columns, the number of barrels of 
cement required per linear foot of road is indicated, in the 
eighth column for a 1: 2: 3 mixture, in the ninth column for 
a 1: 14: 3 mixture. Similarly, the tenth and eleventh col- 
umns give the quantities of sand, and the twelfth and thirteenth 
columns give the quantities of stone, in cubic yards per linear 
footiot-toad, ‘for 1. :'2 :-3) mixture and: 1:14: 3 mixture, 
respectively. 

As an example, assume that it is desired to estimate the 
quantities contained in 1,000 linear feet of 18-feet-wide road- 
way, 8 inches thick at the sides and 10 inches thick at the center, 
and mixed in the proportions 1: 2: 3. The data for this 
road are found in the fifth line from the top; in the sixth 
column, the cubic yards of concrete for 1 linear foot of pave- 
ment are given as .519, so that the road contains .519%1,000 
= 519 cubic yards of concrete. In the eighth column, it is given 
that the pavement contains .903 barrel of cement per foot, in 
the tenth column that it contains .270 cubic yard of sand per 
foot, and in the twelfth column that it contains .400 cubic yard 
of stone per foot. Hence, the total volume of cement is 
903 X1,000=903 barrels, of sand .270%*1,000=270 cubic 
yards, and of stone .400X1,000=400 cubic yards. While 
these quantities of materials should suffice theoretically, it 
would be advisable, in practice, to provide for 1,000 barrels of 
cement, 300 cubic yards of sand, and 440 cubic yards of stone. 
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84. Water.—The amount of water required for sprinkling 
the subgrade, mixing concrete, and sprinkling the finished pave- 
ment depends somewhat on prevailing weather conditions, but 
from 25 to 30 gallons per square yard of pavement is the usual 
requirement. 

Road builders are often confronted with the difficulty of 
obtaining the required supply of water for concrete-pavement 
construction, and this matter should be investigated carefully 
by the engineer and contractor when making estimates. Other- 
wise the quality or quantity of work done may be affected 
because of inadequate water supply, or the contractor may 
suffer a loss due to not having anticipated the need of a special 
pumping equipment to distribute water in the quantity needed 
and where needed. 

When the only source of water supply is several miles dis- 
tant from the job, a pumping outfit designed to furnish not less 
than 250 gallons per minute and driven by a 5- or 6-horse- 
power gasoline engine usually proves the most economical and 
satisfactory means of assuring a dependable supply of water. 
If water from a stream or pond is used, care should be taken 
to protect the intake pipe in some manner to prevent weeds, 
small sticks, silt, and other objectionable material from being 
drawn into the pipe line. For concrete street pavements, and 
occasionally for road work, water may be obtained from fire 
hydrants. Frequently, however, the distance to the mixer is so 
great that the pressure at a hydrant is not sufficient to supply 
the required amount of water to the mixer. 

When it is difficult to obtain a constant unfailing supply of 
water in sufficient quantity, it is advisable to wet down the 
subgrade before aggregates are dumped upon it. This can be 
done at night when the water is not being used at the mixer, 
then when the subgrade is uncovered a a little Midvionl 
sprinkling will be required. 


85. The quantity of water delivered in a certain time 
depends upon the size of pipe and velocity of flow. Experience 
shows that a 2-inch pipe should be the minimum used. Pipes 
of smaller diameter will not deliver a sufficient quantity of 
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water economically owing to the great friction between the 
water and the sides of the pipe. 

Unions should be placed in the pipe line about every 500 feet, 
so that if it should be necessary to repair or change the location, 
the pipe line can readily be taken apart to remove a section. 
To make required attachments, there should be a branch con- 
nection called a tee in the line every 200 feet, and enough 
valves should be at hand to provide one valve for each tee for 
a distance back of the mixer sufficient to permit of sprinkling 
the road surface as required. From these valves water is 
drawn to the mixer by means of a rubber hose. Hose should 
not be smaller than 14 inches in diameter, otherwise it will not 
supply water to the mixer as rapidly as needed in most cases. 

Some form of relief valve should be provided in the line so 
that the pipe or the pump will not be damaged by excess pres- 
sure when the pump is running but no water is being used. A 
fitting known as a spring relief valve has a valve controlled by 
a spring and may be so adjusted that the valve will open at any 
desired pressure. If freezing may be expected at night, drain 
cocks should be installed at all low points and the water 
emptied out to prevent bursting of the pipe. In order to shut 
off parts of the line for repairs or for other reasons, there 
should be a gate valve every 1,000 feet in the pipe line. 

Most paving mixers are equipped with measuring devices on 
the water tank. If arranged to deliver only one fixed volume 
of water, they cannot be relied upon to compensate for varying 
conditions in the moisture content of the aggregates, and it is 
necessary to watch carefully the consistency of each batch. 
For efficiency, automatic measuring tanks should be so arranged 
that the quantity of water admitted to the drum can be posi- 
tively controlled and quickly and easily altered to suit changing 
moisture content of aggregates. 


86. Measuring the Materials.—Careful watch should 
be kept to insure accurate measuring of materials and the main- 
taining of correct proportions for concrete mixtures. Although 
a sack of cement is considered as 1 cubic foot in proportioning 
concrete by volume, a cement sack is not an accurate measure 
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for 1 cubic foot of aggregate, and should never be used. If 
wheelbarrows are used for measuring, they should be those 
intended for that purpose and of a known, definite capacity 
when properly struck off level full, otherwise a measuring box 
built to hold 1 cubic foot must be used to check the capacity of 
the wheelbarrow. 

It is good practice so to arrange the loading gang that bar- 
rows will be dumped in regular rotation. This insures more 
accurate checking of barrow loads and prevents the omission, 
by mistake, of part of a batch. 

After the proper quantity of water has been determined, 
provision should be made for delivering that quantity accu- 
rately to each batch. This is not generally done, and it is not 
unusual to see one batch coming very wet from the mixer and 
the next one as much too dry, which will make a pavement 
lacking uniformity of texture. As the quantity of moisture 
contained in the raw sand and stone will vary from time to 
time with the weather conditions, the quantity of free water 
used must be gauged accordingly. The experienced eye will 
usually be able, from the appearance of the mixed concrete, to 
make the proper corrections due to each variation in the amount 
of moisture. When the amount of water necessary for the 
proper consistency has been determined the water used should 
thereafter be measured accurately so long as the condition of 
the materials remains constant. 


87. Mixing.—The proper mixing of concrete for pave- 
ments is one of the most important operations of the work. 
The concrete should be thoroughly and uniformly mixed in a 
batch mixer. 

The mixers used in paving work are, in general, of two types, 
distinguished principally by the attached apparatus for dis- 
charging and placing the concrete. The discharging apparatus 
may be a chute, as shown in Fig. 19, or a boom and bucket as 
shown in Fig. 20. Although the different discharging appara- 
tus calls for different mechanical features, the two kinds of 
mixers are nevertheless based upon the same principle, since 
both mixers contain a mixing chamber or drum a where the 
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aggregate, cement, and water are mixed, a loading device or 
skip b in which the dry materials are assembled before being 
dumped into the drum, and a water-measuring tank c¢ so 
arranged that a predetermined constant quantity of water is fed 
into the mixer drum at each batch. 

In Fig. 19 is shown a paving mixer equipped with a dis- 
charge chute d. This chute must be so steep that the concrete 
will flow down by gravity, for which reason the drum is set up 
high in machines of this type. The chute is in two lengths, con- 
nected by a flexible joint so that the lower end of the chute can 
be swung over a large area. There have also been mixers 
equipped with chutes and low drums, but such mixers cannot 
be successfully used on dry mixtures because of the insufficient 
pitch of the chute. 

In Fig. 29 is shown a mixcr in which the drum a is set low 
and discharges the mixed concrete into a bucket d traveling on 
a boom e. This boom can be swung to any position within a 
semicircle, and the bucket can be stopped and discharged at any 
point of its travel. The bucket is discharged by opening the 
swinging gates f. 

All modern paving mixers are self-propelling. The mixer 
shown in Fig. 19 has a gasoline engine e which drives the drum 
and feeding apparatus and also furnishes the traction power, by 
means of chain drives f and g that operate the traction wheels h. 
The mixer shown in Fig. 20 is a steam-driven machine 
equipped with a so-called caterpillar traction consisting of an 
endless chain g carrying plates that furnish a secure drive on 
soft ground even for heavy machines. 

Later on in this Section will be described the number and 
disposition of the several men required for the proper operation 
of concrete mixers; the mechanical operation of a modern 
mixer requires but one man, who has under his immediate 
control a system of levers which enable him to feed, discharge, 
advance, stop, and steer the machine. To feed a mixer of the 
types illustrated in Figs. 19 and 20, it is necessary first to fill 
the dry stone, sand, and cement into the receptacle b, which is 
then by mechanical means raised to a position with its outer 
end higher than its inner end, causing the contents to slide into 
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the mixer drum. In general, the receptacle is filled by means 
of wheelbarrows propelled by hand, but some mixers are 
equipped with a derrick, such as shown at i, Fig. 20, used to 
feed the batch into the skip b. This derrick finds employment 
where the materials are hauled out on the road by means of 
industrial railways, to which reference is made later on; the 
cars of the railroad carry boxes filled with the materials, and 
each box contains exactly the proper amounts of cement and 
aggregates. When the loaded boxes arrive at the mixer, they 
are one by one picked up by the derrick and emptied into the 
skip. In Fig. 20 a box 7 with open bottom gates k is shown 
suspended over the skip. 


88. One indispensable requirement of mixing is that every 
fragment of stone must be evenly coated with mortar. Since 
in many cases the concrete may look all right when the mixing 
has really not been very thorough, it is best to require mixing 
for a specified time. 

The tendency on all well-conducted concrete work today is 
to lengthen the time of mixing the concrete, as tests show that 
up to a certain limit the strength of concrete increases in direct 
proportion to the length of time it is mixed. Tests made at the 
University of Illinois on concrete cylinders made from concrete 
mixed in a standard paving mixer under field conditions, with 
different times of mixing ranging from 4 minute to 15 minutes, 
showed that the strength of the concrete that had been mixed 
for 15 minutes was nearly as high ds could be expected, 
although longer mixing might have shown slightly greater 
strength; the concrete mixed for 2 minutes developed 85 per 
cent. of the strength of that mixed 15 minutes; but with periods 
of mixing shorter than 2 minutes the strength fell off rapidly. 

There is a practical limit to time to which mixing can be con- 
tinued on any work, but 1 minute should always be specified as 
the minimum after all materials, including the mixing water, 
are inthe drum. Any manufacturer’s claims that owing to the 
particular construction of his machine its efficiency is greater 
than that of others and that, therefore, concrete need be mixed 
only for a very short time, should be disregarded. 
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89. Some mixers have automatic devices for indicating 
when the concrete has been mixed a certain time at a certain 
number of revolutions, and for counting the number of batches 
mixed, which is a check on the number of sacks of cement used. 
These machines have also an automatic lock that prevents the 
discharge spout from releasing the contents of the drum until 
the concrete has been mixed the specified time. 

As the efficiency of the blades in the drum is impaired if they 
are coated with hardened concrete, the mixer should be care- 
fully washed each time when leaving off work. Any hardened 
concrete that collects in the drum should be removed at fre- 
quent intervals. 

Concrete should be mixed to such a consistency that it is 
very difficult to work under the strikeboard, and will hold its 
shape and not show any tendency to flow. Such a mixture can 
be properly consolidated on the roadbed and can be struck off 
and finished to better advantage and is stronger and more uni- 
form in texture than a wetter mixture. 

The pile of material that collects under the discharge spout 
of the mixer should be taken up and placed in the slab as the 
work progresses. If this is not done frequently, the material 
should be shoveled to one side when the mixer is moved ahead 
and should not be used in the slab, because on account of its 
varying proportions and ages it will not be uniform with the 
remainder of the concrete. 


90. Placing Concrete.—Before placing concrete the 
subgrade should be well sprinkled so that loss of water from 
the concrete mixture through absorption by the subgrade will 
be prevented. However, care should be taken not to wet the 
subgrade so much as to make it muddy, as that will cause mud 
to be tracked into the concrete by workmen. Unnecessary 
walking in the freshly deposited concrete, and especially in 
that of the top course, should be forbidden, because wherever a 
workman steps the larger aggregate is forced down and to one 
side and the footprints will fill in with sand-cement mortar that 
will not offer so great resistance to wear as when the coarse 
aggregate is mixed with it. 
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Concrete mixers used in road work are equipped either with 
a chute or a boom and bucket for depositing the concrete in 
place. A disadvantage of the chute method in road work is 
that on some types of paving mixers the concrete in order to 
flow down the chute must be wetter than is best for concrete- 
road mixtures. This objection has been overcome in some of 
the mixers by placing the drum so high that it is not necessary 
for the chute to lie too flat. If a mixer with a chute is used 
and concrete of the right consistency will not flow down the 
chute naturally, a man should be detailed to keep the concrete 
moving by using a shovel or a hoe. 


91. In order that the wearing surface of the concrete may 
be as nearly uniform in texture as possible, it is important that 
in transporting the concrete from the mixer to the street, and 
in placing, spreading, and grading the concrete in place, care be 
taken to prevent the separation of the stone and the mortar, or 
of the different sizes of aggregate. For this reason the mixer 
should be kept as near as practicable to the point of delivery on 
the street, so as to deposit the concrete as nearly in the place 
and shape in which it is to remain as practicable; also, moving 
and raking of the concrete should be avoided as much as 
possible, and care should be taken to remix with hoe or shovel 
any portions that appear to be lacking uniformity in mixture. 
Compliance with these precautions and the exercise of care 
generally will usually prevent separation to a serious extent. 

At street intersections, especially in two-course work, the 
concrete should be laid across from side to side, in parallel 
strips, so as to facilitate the placing of the reinforcement and 
the finishing of the surface before the concrete has hardened. 

For paving on grades, the work should be so arranged that 
the mixer will travel up grade, which allows laborers to wheel 
materials down-hill to the mixer. 


92. Details of Placing Reinforcement.—Mesh rein- 
forcement should be laid with the heavy wires perpendicular to 
the center line of the pavement, and adjoining strips should be 
carefully lapped. Sheets laid side by side should lap at least 
6 inches; end lap should be avoided, but where unavoidable, 
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not less than 12 inches end lap should be had. The reinforce- 
ment should be from 2 to 3 inches from the upper surface of 
the pavement and must come to within 2 inches of joints. 

Mesh reinforcement is manufactured in two different 
widths so arranged that by using a certain number of strips of 
each width, the distance between joints will be covered with- 
out necessity for cutting the mesh or wasting material through 
excessive lapping. Ordinary bolt cutters are very satisfactory 
tools for cutting mesh reinforcement. 

Where reinforcement is to be embedded in the pavement, a 
layer of concrete is first placed and leveled, and upon this the 
reinforcement is spread out, and finally covered with a layer of 
concrete. These operations are carried out practically simul- 
taneously, so that the concrete of the upper layer is placed 
before the lower layer begins to set, in order that a good bond 
may be obtained between the two courses. 

In placing the reinforcement in the concrete, strips should 
be rolled out across the pavement and then turned over to pre- 
vent them from curling up at the ends. Then to take out any 
tendency to bulge upward the mesh should be struck at various 
spots with the corner of a shovel. This puts small kinks in the 
wires and embeds them slightly in the lower layer and also 
tends to shorten slightly the length of the strip, which, being 
embedded at the ends, is thereby made to cling closer to the 
lower layer. There should be no pockets or footprints beneath 
the reinforcement when it is laid, as the mesh may prevent fill- 
ing these depressions when material for the upper layer is 
placed and as a result there will be weak spots in the pavement. 
It is important to protect reinforcement against clay or mud, as 
such coatings prevent the concrete from thoroughly bonding 
with the metal. 


CONSTRUCTION OF JOINTS 


93. Steel-Protected Joints.—The plates for the pro- 
tection of expansion joints differ somewhat in form, but in 
general they consist of two plates a, Fig. 21, set against adjoin- 
ing concrete slabs, with a filler of felt b between them. The 
plates are sheared at intervals along their length, as shown, to 
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form prongs c, which extend into the concrete and anchor the 
plate firmly. 

Steel protection plates should at all times be carefully 
handled so as to prevent bending them out of their true 
shape. Before setting them in place, any defects in curvature 
should be corrected, because if the plates are not straight and 
true to the crown of the street, they will spread apart and 
stand out at unequal levels, causing jolts to traffic crossing the 
joint. 


94. Installing Joint-Protection Plates.—The plates 
with the filler between are set in place by means of an install- 
ing device made by the manufacturers of the plates, who fur- 
nish full directions for use. The device, as shown in lig. 22, 
consists essentially of 
a bridge Db as long as 
the pavement is wide; 
from this bridge a 
number of screw- 
jacks c extend down- 
wardly and support at 
their lower ends the 
plate a. By proper 
adjustment of the 
screws the plate is set 
to correct line and level; after the concrete has been poured, 
the installing device is removed and set up for use in installing 
the next joint. 

With some types of plate this device may be used also as a 
templet to test the curvature of the plate. With other types it 
may be necessary to test the correctness of the plate’s curva- 
ture against a wooden templet. The installing device should be 
kept very accurate in curvature, otherwise trouble will be 
experienced when striking off the concrete. On account of 
handling, the curvature should be tested often by stretching a 
mason’s line from end to end of the device and measuring from 
this line to the clamps which hold the plate in position. Ona 
wide street the plate-installing device should be so supported on 
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horses or a stake as to prevent sagging in the center. Each 
time it is so set up, it should be tested with a mason’s line and 
the central support raised or lowered until the crown is correct, 
so that it may be used as a templet for the protection plates to 
insure their correct curvature when the joint is assembled. 
Steel stakes are preferable to wooden ones for supporting the 
center of the installing device, as wooden stakes, if Jeft in the 
concrete, wear away and eventually leave a hole. 

The installing device should always be removed before the 
surface of the pavement at the joints is struck off, to enable 


the workmen to see that the plates are correctly placed and 
that the surface is properly struck off. 

Protection plates that are bent when received, even if 
straightened as much as possible, have a tendency to spread 
slightly when the installing device is removed unless it is left 
in place for some time. This spreading can be prevented by 
passing 16-gauge iron wire through the felt filler and com- 
pletely around both plates and twisting the ends of the wire 
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tight. Such wires should be spaced about every 24 inches along 
the length of the plates. 

The surface of the pavement, as left by the strikeboard, will 
usually be about 4 inch higher than the grade at which the 
lower edge of the strikeboard is moved, because a small amount 
of concrete flows under and rises at the back of the board. For 
this reason the joint is usually set slightly higher (not more 
than 4 inch) than the grade at which the strikeboard is worked. 


95. Unprotected Joints.—At unprotected joints it is 
usual to allow the felt filler to extend slightly above the surface 
of the pavement, and to provide for this the strips of filler 
should be 4 inch wider than the greatest thickness of the slabs. 
The projecting portion of felt is trimmed off after the concrete 
has hardened. A square- 
pointed shovel with cleats 
riveted on its back makes 
an efficient tool for this 
purpose. 

There are several de- 
vices for installing felt 
filler for unprotected 
joints, the main feature of 
each device being a wood 
or metal plate to which 
the felt filler is fastened 
by some simple clamping device. This templet keeps the felt 
straight and in a vertical position until concrete has been 
placed on both sides of it, when the templet is withdrawn and 
the space occupied by it is filled with concrete. 


Fic. 23 


96. Longitudinal Joints.—Longitudinal joints may be 
filled either with a prepared felt or with a hot tar or asphalt 
preparation. In the first case, care should be taken that the 
prepared felt is tightly held against the curb or combined curb 
and gutter by a sufficient number of stakes so that small pebbles 
or pieces of concrete will not get between the filler and the curb, 
and thus form an opening through which water will pass 
readily into the subgrade. The top edge of this filler should be 
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held to the proper elevation, especially in,combined curb and 
gutter construction, so that the joint may be neatly finished. 

Tar or asphalt filling should be hot enough to be quite liquid 
so that it will fill all small spaces and make a water-tight joint, 
and of a quality that will not crack and chip out during cold 
weather nor run during hot weather. The joint should be filled 
as soon as possible so that the space will not become clogged 
with dirt or other refuse. If this has happened, the material 
should be removed before the joint is filled. 

Probably the best method of constructing the joint is to place 
against the curb or gutter a temporary filler consisting of a 
thin beveled board having loops of wire around it to facilitate 
removal, as shown in section in Fig. 23. The board is set 
between galvanized-iron plates, which prevent the concrete 
from adhering to and binding it in position. When the board 
is removed, it frees the galvanized-iron plates and allows them 
to be removed without damaging the concrete. 


STRIKING OFF AND FINISHING THE SURFACE 


97. Templet, or Strikeboard.—For all concrete pave- 
ments up to about 20 feet wide, the use of a templet, or strike- 
board, cut to the correct crown of the finished pavement is the 
most satisfactory way of obtaining the required surface con- 
tour. The surface should be struck off at least twice, and 
sometimes three or four strikings may be necessary to make it 
smooth and even. 

A common form of strikeboard used on roads and streets up 
to about 20 feet or so in width is shown in Fig. 24. This con- 
sists of a plain or built-up plank 2 or 3 inches thick, cut on the 
bottom to the proper crown of the pavement and having a strip 
of iron fastened to the bottom, or striking face, to protect it 
from rapid wear. In some instances joint-protection plates 
have been fastened on both sides of the strikeboard-to protect 
the striking edge. Oregon fir, which is light and does not warp 
easily, is the most satisfactory wood for a strikeboard, when 
obtainable. The tendency of the board to warp may be largely 
prevented by building it up of two or more boards well bolted 
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or nailed together. Strikeboards should be heavy enough to 
prevent them from riding up over the concrete ; and where their 
ends slide on the side forms or curbs, the strikeboards should 
have a bearing piece about 8 inches wide to prevent them from 
tipping as they are moved forwards and so causing irregulari- 
ties in the surface. For convenience and greater ease of 
operation by the workmen, handles similar to plow handles may 
be attached to each end of the strikeboard, as shown in Fig. 24. 
The handles also facilitate lifting and tamping with the board 
if necessary. 


98. Luting.—Where a pavement more than 20 feet in 
width is to be placed, the strikeboard does not give satisfactory 
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results and becomes too long and heavy for convenient handling. 
In pavements more than 20 feet wide the concrete is therefore 
not struck off by means of strikeboards, but a tool known as a 
lute is used instead. A lute is a tool resembling a toothless 
garden rake; two types are used, which are illustrated in 
Fig. 25. In (a) is shown a wooden lute shod with iron, and in 
(6) a wooden lute without any iron protection. 

The lute is used for spreading the concrete over the grade 
after it has been dumped from the mixer. In order to bring 
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the concrete to the proper level, iron stakes are set in the base 
to indicate the height. The concrete level is not indicated by 
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the tops of the stakes, because if the concrete were to come 
even with the tops of the stakes, they would be difficult to 
locate in the concrete. For this reason the stakes project 
2 inches above the intended surface of the concrete, and the 
lute operator is guided by a mark on the stake; this may be a 
lug welded onto the stake as in Fig. 26 (a), or a pin through 
the stake, as in (0b), or a nut screwed on as in (c). With 
some experience, the lute operator can produce a surface suffi- 
ciently true and even to be finished by the 
methods described later on. 


99. Setting Luting Stakes.—The 
stakes for the lute operator are set in | | 
parallel rows across the roadway, and the | 
rows are usually 7 or 8 feet apart. Each |] 
row has at least 3 stakes (for narrow pave- } 
ment) and the number need not exceed 7. |] 
An uneven number of stakes is used, one | 
being always placed at the center line of the ' 
road. 

The stakes are set as indicated in Fig. 27, 
where a cross-section of the road to be con- 
creted is shown at a, with the side forms D 
already in place and correctly set to line and level. On 
these forms are set so-called T sticks c, and from these 
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T sticks the proper levels of the stakes d are obtained by sight- 
ing across the upper ends of the T sticks, a so-called sight 
stick e indicating the proper level of the stakes, at its lower 
end, when its upper end is exactly in the sight line f g. In the 
illustration, the row of stakes to be set consists of three stakes, 
the two outer ones being lower than the middle one because of 
the crown of the pavement. In the particular case here illus- 
trated, the difference in height is 3 inch and the sight stick is 
therefore provided with a 3-inch notch at its lower end. The 
center stake is then set with the shoulder of the stick resting 
upon the lug of the stake, and the outside stakes are set with 
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the end of the stick resting upon the lug, thus making the outer 
stakes come 2 inch lower than the center stake. 

The T sticks, as shown in Fig. 28, usually consist of light 
poles a, 3 feet long, provided at their upper end with a cross- 
piece b, over which the operator sights in order to locate the 
sight stick. The pieces b must be straight and have a well- 
defined upper edge, for which reason they are usually 
sharpened to a triangular shape. 


100. Finishing Machines. — Machines have been 
devised for finishing concrete pavements. These machines are 
mounted on two trucks which run on side rollers that support 
an oscillating strikeboard, the motion of which tends to com- 
pact the concrete while striking it off. The machine is adjust- 
able to the required crown of pavement. Mounted upon one of 
the trucks is a small gasoline engine that transmits power to 


AND HIGHWAY WORK 73 


oscillate the strikeboard and finishing float and also to cause 
the machine to travel forwards. The strikeboard can be raised 
or lowered by means of a lever, which enables the operator to 
control the mechanism of the machine so as to make a smooth 
compact surface. The result is a uniform surface of dense 
material affording greater resistance to abrasion than can be 
obtained by hand finishing methods. Finishing machines are 
recommended for use when they are so constructed as to per- 
mit the use of a stiff-mixed concrete. Some finishing machines 
operate well only on a concrete of thin con- . 
sistency ; such machines are not recommended 
for use, as the tendency is now toward stiffer 
mixtures containing only water enough to make 
them sufficiently plastic to be placed properly. 


101. Hand Floating.—Whatever method 
is used to finish the surface in the first instance, 
some final finishing such as hand floating or other 
operation will be required. In hot dry weather, 
when the concrete hardens rapidly, this finishing 
can be done almost as soon as the surface is 
struck off. In cold weather a little time should 
elapse before finishing, the amount of time being 
a question of practical judgment. The surface 
should not be worked when it is too wet, as this 
tends to bring an excess of fine material to the 


a | 


surface. 

In using the wooden hand float, which is oper- 
ated from a bridge as shown in Fig. 29, the aim should be to 
eliminate all inequalities from the surface and so to work the 
mortar and aggregates together as to produce a dense, compact 
surface. Long-handled floats, Fig. 30, are sometimes used, but 
are objectionable, as in the usual operation they only slide over 
the surface. 

A steel-trowel finish should never be given to a concrete 
pavement, as such troweling brings to the surface a skin of fine 
material that has little or no resistance to wear, and for a 
short time at least is slippery. 
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102. Roller-and-Belt Method,—Another method of 
finishing concrete pavements is the roller-and-belt method, in 
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which the concrete is first consolidated by rolling with a roller 
and afterwards smoothed by means of a belt. The roller is 
usually from 8 to 12 inches in diameter, 6 feet long, 
and it should not weigh more than 100 pounds. This 
roller is worked back and forth crosswise over the 
pavement—on wide pavements by ropes: operated 
from each side of the pavement, and on pavements 
less than 20 feet in 
width by means of a 
handle operated al- 
ways from the same side of the pavement. Any one 
area is rolled at least three times with intervals of 
from 15 to 40 minutes, and more times if necessary 
to remove any surplus water. 

In operating the roller, it is important that the 
entire surface be rolled to the very edge of the con- 
crete; but at the same time care must be taken not to let the 
roller run over the edge, because if it falls on the ground, dirt 
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will adhere to it and be rolled into the concrete, causing soft 
spots in the surface. 


103. The belt used is about 2 feet longer than the width 
of the pavement so that the workmen have plenty of free play 
in length to pull it backwards and forwards across the concrete 
surface, as illustrated in Fig. 31. 

In using the belt, two applications should be given—a first 
application after the rolling has been completed and consisting 
of vigorous strokes at least 12 inches long, and a second some 
time later when the so-called water glaze or sheen has dis- 
appeared. This point can be judged only by observation of the 
appearance of the concrete, and is a matter of experience. In 
the second application, the strokes are only 4 inches long, and 
the belt is passed forwards much more rapidly than in the 
first application. 


104. Finishing Concrete at Joints.—The concrete at 
joints should be so finished that the surface of the pavement 
will be at exactly the same level on both sides of the joint and 
flush with the protection plates, if plates are used, so there will 
be no wear from the impact of traffic. If steel protection plates 
are below the surface of the pavement, the small film of con- 
crete over them will crack off under traffic and result in a 
depression that will enlarge rapidly unless properly maintained 
with tar and sand. If plates are left higher than the pavement 
surface, the wheels of vehicles are raised when passing over the 
joint and in turn drop as they leave the joint, thus giving a 
blow to the concrete and starting a small fracture that rapidly 
increases under traffic. Unequal levels of adjoining slabs at 
unprotected joints will have similar consequences. 

In finishing the concrete at protected joints, the surface as 
left by the strikeboard should first be tested by the finisher with 
a light straightedge about 4 feet long placed longitudinally with 
the road, to see whether the concrete is flush with the top of 
the plate on both sides of the joint. If the plates are slightly 
higher than they should be, a little extra concrete should be 
spread along the joints and struck off with this straightedge 
until the surface is correct. If the plates are slightly lower 
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than the required surface, excess material should be removed 
by striking off in a similar manner. This practice, of course, is 
applicable only where comparatively small irregularities exist. 
The aim should be to prevent the necessity for such make- 
shifts by properly setting the joints in the first place. After the 
surfaces have been brought flush with the joint plate they 
should be floated with a wooden hand float and finished care- 
fully with a steel trowel 
for about 6 inches on 
each side of the joint, 
so as to leave the edges 
of the protection plates 
flush with the concrete 
and exposed to view 
for the full length of 
the joint. 

Unprotected joints 
where the felt filler is 
allowed to project 
above the surface of 
the pavement joints are 
finished with a split 
float such as_ that 
shown in Fig. 32. The 
felt filler projects into 
the space between the 
two halves of the float 
and the surface on each side of the filler is finished to exactly 
the same level. 
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105. Finishing Integral Curb.—As soon as concrete 
for the pavement proper has been deposited and struck off for a 
sufficient distance ahead so as not to interfere with a length of 
curb form, the forms for the curb are placed in position and 
carefully lined up. The form board for the face is prevented 
from springing out of line by clamping the back and the face 
forms together with wooden cleats spaced about 2 feet apart. 
A quaky concrete mixture should be used for the curb, and 
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should be placed within 15 minutes after striking off the pave- 
ment proper. The concrete should be well spaded along the 
form faces to insure a dense, smooth surface of concrete. The 
spade should be worked deep enough in the concrete to make 
certain that the pavement and curb will become truly a part of 
each other. The excess concrete in the curb form is struck off 
and the work is allowed to remain undisturbed until the con- 
crete has hardened sufficiently, when the face form is removed 
and the finishing completed. Joints in the curb are made where 
joints in the pavement slabs occur, thus making pavement joints 
continuous through the curb. It is important that there be a 
complete separation betwen adjacent units of curb and that the 
joint in the curb between adjacent sections be at least as wide 
as the joint in the pavement. To insure this there should be 
used at least two thicknesses of 4-inch joint filler or a $-inch 
steel separator which can later be withdrawn and the joint 
filled with tar. The separation should be made complete from 
back to front and from bottom to top of curb. Integral curb 
should be finished each day to the point where pavement work 
is stopped, because if part of it is left to be placed on the fol- 
lowing day it is certain there will be a poor bond, and cracking 
will result later from temperature changes and frost action. 

When there is little rise and fall in the gutter, drainage can 
be improved by steel-troweling the pavement surface for a 
distance of about 18 inches out from the curb line. 


ORGANIZATION 


THE WORKING FORCE 


106. For the purpose of performing the various opera- 
tions of roadmaking that have been described, a working 
organization is necessary. It is of greatest importance that 
each part of the work be done at its proper time and in the 
proper manner if the work is to be done economically. Much 
of the success in roadmaking depends on the system with which 
the work is carried on. 
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107. In charge of the entire force engaged upon the work 
is a Superintendent who represents the contractor and who 
often is the contractor himself. It is the duty of the superin- 
tendent to coordinate the various departments of the work and 
to keep them properly organized at all times. In this he is 
assisted by one or more foremen; often there is one foreman in 
charge of each of the four divisions to be named later on. 


108. The superintendent is primarily responsible for the 
faithful performance of the contract according to the plans and 
specifications. To see that the plans and specifications are 
fully lived up to by the superintendent and his men, there are 
on all jobs one or more inspectors who are retained by the 
owner; they have, however, no directing power over the con- 
tractor’s forces. This power rests solely in the hands of the 
superintendent or his foremen. 


109. In making a concrete road, there are four distinct 
operations ; namely, preparing the roadbed, producing the raw 
materials, hauling the raw materials, and the actual making of 
the concrete pavement. It is chiefly this last-mentioned opera- 
tion that is here treated, because the work of installing the 
pavement is the final and most important operation, upon which 
depend the success and utility of the road. To insure satis- 
factory work, a competent and reliable foreman should always 
be in charge of the men immediately concerned with the laying 
of the concrete pavement; in the following description these 
men will be referred to as the concreting crew. 


110. The concreting crew is divided into four gangs; 
namely, (1) a form gang; (2) a mixing and placing gang; 
(3) a finishing gang; (4) a curing and protection gang. Ina 
general way, this division is common to all concrete paving 
work. 

The size of each gang, and its disposition, are principally 
dependent upon the size of mixer used. The size of mixer to 
be used on any job is determined by the size of batch that is to 
be mixed in it. In the following, two specific examples will be 
discussed, one in which a two-bag batch is used, and one in 
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which a three-bag batch is used. For a 1: 2: 3 mixture, a 
two-bag batch contains 2 bags of cement, 4 cubic feet of sand, 
and 6 cubic feet of stone; a three-bag batch contains 3 bags of 
cement, 6 cubic feet of sand, and 9 cubic feet of stone. 


411. The arrangement of the gangs is also influenced by 
the type and width of pavement. The description which fol- 
lows shows the arrangement and composition of crews for the 
construction of a one-course pavement 20 feet wide, 6 inches 
thick at the edges, and 8 inches thick at the crown. Such a 
pavement is only one of the many kinds commonly used, but 
the principles explained in connection with the description of 
the method of constructing it are general and can be applied to 
the construction of other pavements, though the details may 
vary with the varying conditions. 


112. In deciding upon the arrangement and organization 
of the several gangs, it is necessary to estimate first the sizes 
and capacities of the different parts of the mechanical equip- 
ment required, since naturally the greatest economy is 
obtained when each piece of equipment is operated always to 
full capacity, which is possible only when all pieces of equip- 
ment are correctly related in size. In order to make an esti- 
mate of the various sizes of equipment needed, it is necessary 
first of all to determine the size needed of some one item and 
then so to proportion all other items that they will cooperate 
properly with the one first selected. In practice the size of 
plant to install depends upon many things, such as the number 
of teams available for hauling materials, or the facilities for 
receiving raw materials; where a small rock-crushing plant is 
used for furnishing the stone, the capacity of the crushing 
plant may be the one item that determines the capacity of all 
other items. In the following examples the capacity of the 
mixing plant is considered first, since the daily output of 
concrete depends primarily upon it. 
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TWO-BAG MIXER CREW 


113. Daily Output.—Let it be assumed that a two-bag 
batch is to be used. In order to handle the two-bag batches 
properly it is necessary to have a mixer of adequate size; that 
is, (for a two-bag batch mixed in the proportions 1: 2: 3) a 
mixer capable of being charged at each batch with 2 cubic feet 
of cement, 4 cubic feet of sand, and 6 cubic feet of stone, or a 
total of 2+4+6=12 cubic feet. Since in the mixing process 
the voids in the stone are filled with mortar, the volume shrinks 
in mixing, so that the output of finished concrete is-only about 
two-thirds of the amount fed into the mixer. For each batch 
mixed, there will therefore be placed on the road approximately 
12<X%=8 cubic feet of finished concrete. 

The hourly output of concrete may be found by multiplying 
the output per batch by the number of hatches per hour. The 
number of batches per hour depends primarily upon the length 
of time during which the materials are kept in the mixer drum 
in order to mix them thoroughly; on road work the concrete 
should be mixed for a period of at least 1 minute, which per- 
mits of discharging a batch every minute and a half, or 
40 batches per hour. There is therefore delivered on the road 
each hour 40*8=320 cubic feet of concrete in place; or, since 
a cubic yard contains 27 cubic feet, the hourly output is 4° 
=11.85 cubic yards, in place. 


114. In Table I, it will be seen that the pavement (which, 
as before stated, is 20 feet wide, 8 inches thick at crown, and 
6 inches thick at sides) contains .453 cubic yard of concrete per 
linear foot, and since the mixer is turning out 11.85 cubic yards 


per hour, the rate of progress is obviously ee about 26 linear 


feet of road per hour, and, in an 8-hour day, 26X8=208 linear 
feet per day. 

Thus, if the mixer could be kept working to capacity, a 
maximum of about 208 linear feet of road could be paved each 
day. In practice, however, such speed is not obtainable, owing 
to delays in moving the mixer, to the difficulty of supplying 
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materials fast enough, and to the difficulty in clearing and pre- 
paring the subgrade. If the concrete is to be reinforced with 
steel, the work will be still more delayed. However, on work 
well organized, the daily average output should be between 
150 and 200 feet, of road 20 feet wide, 6 inches thick at edges 
and 8 inches thick at center, mixed in the proportions 1 : 2 : 3, 
and in two-bag batches. This is under the assumption that a 
sufficient number of men are available to handle the forms, the 
mixer, the materials, and to finish the concrete. These men 
constitute the four gangs already referred to, and these four 
gangs follow one another in regular order, always at the same 
rate of speed and at the same interval of space. 


115. The Form Gang.—The work is, begun by the 
form gang, which sets up the side forms on the already pre- 
pared subgrade, so far in advance of the mixing gang that 
there is no chance for interference and delay. The form gang 
consists of two men; namely, a form setter anda helper. Since 
a maximum of about 200 linear feet of road can be paved daily, 
the form gang must set and line up daily a maximum of about 
400 feet of form—200 feet for each side of the road. The side 
forms can be removed in 24 hours, or less if necessary, so that 
400 feet of forms should he sufficient. It is, however, recom- 
mended to have on hand forms enough for an additional 50 or 
100 feet to be used in case of emergency. 

After the forms have been removed from the concrete and 
an earth protection has been thrown on the road, as will be 
explained in detail later, the forms are carried forward by the 
mixer crew. 


116. Mixing and Placing Gang.—The mixing and 
placing gang comprises sixteen men divided into three groups. 

The first group consists of five men engaged in wheeling sand 
and stone from the stock piles to the mixer, there being four 
wheelers, two on sand and two on stone, each of whom loads 
and wheels his own wheelbarrow, and one extra shoveler who 
helps in loading stone into the wheelbarrows. This additional 
man is always placed on the stone pile because of the greater 
volume of stone to be handled; the two stone wheelers must 
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ioad and wheel 6 cubic feet of stone every time the two sand 
wheelers load and wheel 4 cubic feet of sand, which they can do 
only with the assistance of the extra man. To make it possible 
for these men to keep the mixer loaded, the distance of wheeling 
from stock pile to mixer must be kept as small as possible ; this 
is done by so spreading the sand and stone along the road that 
there is just enough sand and stone at any one place to keep 
the mixer supplied. If there is too little of either sand or stone, 
the haul becomes too long for the five men, and more men will 
be needed, at a correspondingly greater cost. If there is too 
much material concentrated at any one place, it will be in the 
path of the mixer, so that it must be removed at an otherwise 
needless expense. It must be remembered always that the 
mixer is continually moving, and therefore the roadbed must 
be prepared, and the path cleared, in order to permit the con- 
tinuous advance of the mixer. 


117. The second group of the mixing and placing gang 
comprises six men placed near the mixer; namely, three men 
handling cement, and three operating the mixer. The cement is 
brought to the mixer by one man, dumped into the mixer by 
another, and the empty bags are collected, bundled, and 
returned to the storage house by a third. These three men are 
known as cement men. The three men operating the mixer 
are: (1) An engineer, who manipulates the levers of the 
machine and looks after oiling and greasing, as well as the 
upkeep and repair of the machinery; (2) a fireman, who stokes 
the steam boiler of the mixer and who also looks after the 
sprinkling of the subgrade; and (3) a batch operator, who 
discharges the mixer by means of a lever attached to the dis- 
charge apparatus. However, on modern equipment the dis- 
charge lever is within easy reach of the engineer, who alone 
controls all the movements of the machine, and the batch 
operator is then dispensed with. 


118. The third group of the mixing and placing gang con- 
sists of five men stationed at the discharge end of the mixer. 
Two of these operate the lutes, shovels, or other spreading 
devices already described, one prepares the subgrade by leveling 
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off any irregularities that may be found there, and two look 
after the installation of reinforcement and joints. 


119. Finishing Gang.—A short distance behind the 
mixer is the finishing gang, consisting usually of four men, 
divided into groups of two men each. The first group handles 
the strikeboards, of which there are two, one following the 
other. The first board nearest the mixer, has a broad face 
which is used not only to level and smooth the concrete but also 
to compact it by striking it so as to tamp the surface. This 
first strikeboard is so shaped as to leave the concrete 4 inch 
too high at the center, and this surplus height at the center 
is distributed and leveled into any possible depressions in the 
surface by the second strikeboard, which is cut to exact shape 
so as to remove the surplus concrete left by the first board. 
This board is lighter than the first and is moved continuously 
over the surface, without the tamping motion. The boards are 
alternately operated by the same two men. The second group 
of two men operates the roller and the two belts the use of 
which has been described. There will be plenty of time for 
these two men to operate in turn the roller, the first belt, and 
the second belt, and also to finish the concrete at the joints. In 
order to avoid stepping in the green concrete, a bridge is used 
over the concrete at the joint, as already explained. 


120. Curing and Protecting Gang.—A gang of two 
men follows the finishing gang, for the purpose of protecting 
the newly made concrete. On hot days a short section may be 
covered by canvas covers which are moved as required by 
these two men, who subsequently, after removing the canvas, 
shovel earth over that portion of the concrete which has 
hardened sufficiently to carry the earth covering without 
damage. The remainder of the concrete is covered with earth 
next morning by the entire crew before concreting is started, 
and the men, before going back to their separate tasks, carry 
forward the side forms of the previous day’s work and deposit 
them on the ground ready for the form setter to place. 

The curing and protecting gang also sprinkles the earth- 
covered portions of the road to keep the covering moist. 
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121. Water Boy.—On all 
construction work, one or more 
water boys must be employed to 
carry drinking water to the workers. 
On a paving job, one water boy is 
usually sufficient for the needs of 
the crew working at and near the 
mixer. 


122. Equipment Needed. 
The Committee of the American 
Concrete Institute recommends that 
the following equipment be em- 
ployed: 


700 linear feet of forms (for the sides 
of the pavement). 

18 shovels. 

8 wheelbarrows. 

1 2-bag mixer. 

1 roller with handle or ropes. 

1 1-inch radius edger (for rounding 
the edges of the road). 

2 belts (for finishing the surface). 

250 feet hose (for feeding the mixer 
and for sprinkling). 

2 wooden floats (for finishing at 
joints and at sides). 

1 heavy strikeboard (first board). 

1 light strikeboard (second board). 

1 heavy wire cutter (for cutting the 
reinforcement). 

2 small hand nippers (for opening 
cement bags). 

Sufficient lengths of water pipe (for 
water supply). 

Stakes (for indicating the height of 
the concrete surface). 

1 sledge (for driving in the stakes). 


123. Disposition of Crew 
and Equipment.—In Fig. 33 
is shown a plan view of a section of 
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concrete pavement under construction. The parallel lines aa 
and b b indicate the steel forms at each side of the road. The 
line cc is the 2-inch water-supply line with occasional tees d. 
At e is shown the mixer, which moves in the direction of the 
arrow ; the sand pile f and the stone pile g are resting upon the 
subgrade, ready for the mixer, while at / is freshly laid concrete ; 
at 7 is the first strikeboard, and at 7 the second strikeboard. At 
k is the roller, at / the first belt, and at m the second belt; 7 is 
the bridge used by the finishers ; at o is freshly finished concrete 
covered with canvas, and at p, concrete covered with earth. 
At qare the two men of the form gang; at 7, the five wheelers ; 
at s, the three cement men; and at ¢ the platforms from which 
they receive the cement. The positions of the three mixer men 
are, engineer at w, fireman at wu’, and batch operator at uw’. Of 
the five men at the discharge end of the mixer, the two spread- 
ers are at v, the grader at v’, and the reinforcement placers at 
v’. At ware the strikeboard workers, at w’ the roller-and-belt 
finishers, while at + are the men looking after the curing and 
protecting. The water boy has no definite station but travels 
amongst all the men. The foremen and inspector do not have 
regularly appointed places, but station themselves where their 
presence seems most needed. This will quite frequently be 
somewhere near the mixer, at the positions marked y and z, 
respectively. 

To sum up the entire crew, there are required: One foreman, 
2 form men, 16 men about and at the mixer, 4 finishers, 2 curing 
men, 1 water boy; total, 26 men. This, however, is a smaller 
gang than is usually employed, 30 men being a common mini- 
mum, and 40 the maximum. This, of course, does not include 
the men engaged in unloading and hauling materials, nor those 
engaged in excavating and preparing the subgrade. The one 
grader placed at the mixer is there merely to remove those 
minor defects in the subgrade which are always likely to be 
discovered at the last moment. 
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THREE-BAG MIXER CREW 


124. Daily Output.—lIfa three-bag mixer is used on the 
same road as before considered, there will, with a 1:2: 3 
mixture, be required for each batch, 3 bags of cement, 6 cubic 
feet of sand, and 9 cubic feet of stone, total 3+6+9=18 cubic 
feet. Since the volume of concrete obtained in the pavement is 
only two-thirds of the amount fed into the mixer, the output 
per batch will be 18X%=12 cubic feet, and at the rate of 
40 batches per hour, the hourly output is 12X40=480 cubic 
feet, or 4°°=17.8 cubic yards in place. The road, according 
to Table ie contains .453 cubic yard per foot of length, hence 
the number of linear feet of road (20 feet wide) laid per hour 


eS about 39, and per 8-hour day, 39*8=312. The 


312 linear feet per day must be considered as a maximum day’s 
work, obtainable only where all circumstances are exceedingly 
favorable. 


is 


125. Crew Required. — The advantage of using the 
larger mixer is apparent from the fact that of all the gangs 
used on the job, the only one needing reinforcement over that 
already described for the two-bag mixer is the gang feeding the 
mixer. In order to keep this larger mixer going to capacity, it 
will be necessary to employ 10 shovelers and wheelers as 
against the 5 used on the two-bag mixer, but all the rest of the 
organization remains unchanged, so that increasing the crew 
only 20 per cent. increases the output 50 per cent. Where the 
contract is large enough to warrant the investment in a three- 
bag mixer, it is therefore undoubtedly good economy to use the 
bigger rather than the smaller mixer. The tendency at present 
is to build continuous strips of roads, many miles in length, 
under a single contract, and for these contracts large machines 
are well adapted. However, for contracts only a mile or less 
in length, a one-bag, light-weight mixer is often preferable. 

The 10 shovelers and wheelers are distributed into two gangs, 
one consisting of 5 shovelers and one consisting of 5 wheelers ; 
the shovelers fill the wheelbarrows and the wheelers do nothing 
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but wheeling. If desired, the two gangs can change off, 
although quite often the men are kept steadily at the one task. 

For the three-bag mixer and the larger gang, the Committee 
of the American Concrete Institute recommends the use of 
1,300 linear feet of forms, 20 shovels, 12 wheelbarrows, and 
350 feet of hose; the remainder of the equipment to be as 
already enumerated for the two-bag mixer. 


HAULING RAW MATERIALS 


126. The amount of raw materials to be hauled each day 
depends altogether on the method adopted for handling the 
work. On some jobs a long stretch of subgrade is prepared in 
advance, and the entire amount of sand and stone is hauled out 
and placed upon the subgrade at any convenient time before 
the mixer is first started. The mixer, as it works its way down 
the road, will then find a complete and continuous supply of 
materials on hand, and it is thus not necessary to gauge the 
number of teams and wagons to the capacity of the mixer. 


127. In many cases, however, it is not possible to prepare 
the subgrade much in advance of the mixer, and the amount of 
raw materials shipped in daily must then be sufficient always to 
keep the mixer working to capacity. As already explained, a 
two-bag mixer uses for each batch 2 bags of cement; and for a 
1 : 2: 3 mixture each batch will also contain 4 cubic feet of 
sand and 6 cubic feet of stone. If 40 batches are turned out 
per hour for 8 hours per day, a total of 8X40=320 batches is 
placed daily, requiring 2*320=640 bags, or £4°=160 barrels, 
of cement ; 4*320=1,280 cubic feet, or about 48 cubic yards, 
of sand, and 6X320=1,920, or about 71 cubic yards, of stone. 
These roughly estimated quantities may be checked by means 
of Table I, which in the sixth line shows that for each linear 
foot of pavement of the dimensions given there are required 
.788 barrel of cement, .235 cubic yard of sand, and .349 cubic 
yard of stone. 

Since, as already found, 40 batches per hour from a two-bag 
mixer will result in a daily total of 208 linear feet of pavement, 
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the total daily consumption of materials is found by multiply- 
ing the quantities per linear foot by the length of pavement laid 
daily ; therefore, there will be required, daily: 


Geiment ce... 788X208 = 163.9 barrels 
ce oinies og .235X208= 48.9 cubic yards 
SLONean tase ss. 349X208 = 72.6 cubic yards 


For the purpose here considered, the difference between 
the estimated and the checked quantities is insignificant; the 
difference arises from the error due to the assumption that the 
output of finished concrete is two-thirds of the amount fed into 
the mixer. Since, however, it will rarely be possible to main- 
tain a constant output of 40 batches per hour, it will be neces- 
sary to provide only for somewhat smaller quantities per day 
than here found, such as, perhaps, 150 barrels of cement, 
45 cubic yards of sand, and 67 cubic yards of stone. In addi- 
tion, there will be reinforcement and fuel to haul. 


128. Methods Used in Hauling.—tThere are several 
different ways of hauling materials to the work; namely, by 
horse-drawn wagons, by motor trucks, by tractor train, and by 
industrial railroad. 


129. Hauling in Wagons.—A common load of a two- 
horse wagon hauled over earth roads is 1} cubic yards of sand 
or stone, or 1.9 tons. The speed will be about 2} miles per 
hour, but allowance must be made for loss of time in loading 
and unloading. Four men shoveling from a flat freight car into 
a wagon will unload a cubic yard of broken stone in 7 minutes, 
if working hard; but 10 minutes is a more adequate allowance. 
Hence, including time lost in changing the teams, it will take 
from 10 to 15 minutes to load each team; unloading will take 
_ from 2 to 5 minutes, depending upon the type of wagon used. 
Bottom-dump wagons can be dumped practically without loss 
of time under favorable circumstances. 

The time consumed by the teams is divided into two parts, 
namely, the time spent in traveling and the time spent waiting 
at the ends of the route. Let it, by way of illustration, be 
assumed that the materials are unloaded from railroad cars 
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1 mile from the mixer. Since a team travels 24 miles per hour, 


abel wate 60 ; ; srih BY 
it will travel 1 mile in = .=24 minutes, and since it will have to 


2.5 
travel both out and back, the actual time of traveling will be 


24X2=48 minutes. Add to this 10 minutes for loading and 
2 minutes for dumping, and the total time consumed on each 
round trip is 48-+10+2=60 minutes, or 1 hour. In an 8-hour 
day, each team will, therefore, make 8 round trips. The total 
amount of aggregate to be hauled is 45 cubic yards of sand and 
67 cubic yards of stone, a total of 112 cubic yards. A team 


load is 14 cubic yards; hence there will be ee =75 wagon loads 


to haul.each day. If each team makes 8 round trips, 10 teams 
will be required for hauling sand and stone. 


130. On road-paving work it is always necessary to make 
some such estimate as the foregoing in order properly to 
coordinate the teaming to the daily needs. There is, however, 
a special difficulty in keeping the organization coordinated, 
which arises from the fact that the mixer also travels, thus mak- 
ing the haul either longer or shorter from day to day. Another 
difficulty arises from the necessity of keeping the teams off the 
new concrete, which prevents the use of the newly laid ruad 
for transporting materials, and often necessitates long detours 
on poor roads. It will usually pay the contractor to keep such 
roads in passable condition even if this is not a part of the con- 
tract, which, however, it frequently is, and always should be. 


131. Hauling in Motor Trucks.—There are no defi- 
nite data available on the cost of hauling in trucks, but it is 
usually considered advisable to use teams rather than trucks 
for short hauls; that is, distances within which each team can 
deliver 6 cubic yards per day. For greater distances trucks 
are considered more economical. 

Trucks for hauling sand and gravel are of two kinds, namely, 
light, high-speed trucks, and heavy, slow-speed trucks. For 
road work the light trucks seem to be preferred. They carry a 
load of 3 tons and should average from 45 to 60 miles of travel 
per day. As compared with the heavier trucks, they have the 
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advantage of requiring a less firm roadway, of damaging the 
road and subgrade less, and of being easier to turn and handle 
in cramped space. The heavy trucks sink into soft spots in 
road or subgrade, become easily mired, and cut the road and 
subgrade, for which reason they are only used to best advan- 
tage for hauling over hard roads. Trucks are obtainable in 
many different sizes and speeds. 


132. Hauling in Tractor Trains.—A tractor train con- 
sists of a gasoline or steam-driven traction engine with a train 
of wagons attached. No track is used, the tractor and the 
wagons traveling directly on the road. The speed of travel is 
about 3 miles per hour, and under favorable conditions of road 
and grade, a total load of 25 tons may be hauled. Owing to 
their slowness and low hauling capacity, tractors have not so 
far proved universally acceptable in concrete-road paving. 
They are especially objectionable in wet weather on smooth 
roads because the driving wheels of the tractor are likely to 
slip and spin. 


133. Hauling by Industrial Railroads.—For con- 
tracts involving a considerable yardage of concrete and requir- 
ing hauls in excess of 2 miles, the industrial railroad is often 
used, especially in flat country. An industrial railroad is a 
light, narrow-gauge railroad adapted for temporary use. 
Loads of from 20 to 40 tons may be hauled at speeds as high as 
8 miles per hour. The loads and speeds depend upon the 
grades; if the grade exceeds 2 per cent., an average speed of 
8 miles cannot be obtained, and at grades above 4 per cent. it is 
necessary to use geared locomotives, which travel very slowly. 


134. In many cases complete industrial railroads, including 
tracks, cars, and locomotives, can be rented; if the contractor 
buys a railroad outfit, the most expensive part of the outfit will 
be the tracks. The tracks are usually of 24-inch gauge. The 
ordinary industrial track rests upon metal ties 32 inches long; 
on soft ground, such short ties are not acceptable for hauling, 
and longer ties should be used. 

The cars are usually dump-cars and have a carrying capacity 
of 14 cubic yards each. Owing to the weight of the loaded cars, 
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it is necessary to keep the track always in the best of repair, 
and this will be possible only where it has been well laid to 
begin with. 


135. In order to handle industrial-railway equipment 
economically, it is necessary to keep the cars and engines 
always moving, and for this purpose’ the period of delay at each 
end must be made as small as possible. For this reason, special 
loading equipment is needed at the railroad yard for transfer- 
ring tne raw materials from the standard-gauge railroad, upon 
which the materials are received, to the narrow-gauge railroad 
that hauls the materials to the job. On the job, the cars are 
often dumped so as to spill their contents on the subgrade, from 
which the aggregates are loaded into wheelbarrows and wheeled 
to the mixer, as already explained. This method, however, is 
wasteful of labor and materials, and a method has been devised 
whereby the materials may be transferred directly from cars 
into the mixer. In this improved method the cars have three 
separate compartments, one for cement, one for sand, and one 
for stone, and each car contains exactly enough cement, sand, 
and stone for one batch. Upon arrival at the mixer, a crane 
mounted upon the mixer picks up the car body, which is 
demountable from the frame, and swings it over the feeding 
device on the mixer. Here the contents of the car are dumped 
directly into the receiving hopper on the mixer, thus eliminating 
all storage and waste of aggregates on the job itself. To make 
such schemes successful there must, however, be a storage 
plant at the receiving end of the industrial railroad. 

On many contracts in recent years the materials have been 
proportioned at a central proportioning plant and shipped in 
trucks or by industrial railway to the mixer on the job. On 
some contracts successful use has been made of central mixing 
plants, where concrete has been mixed at such plants and hauled 
to the job in trucks through distances of from 2 to 3 miles. 
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STORING RAW MATERIALS 


136. The sand and stone used in road-paving work are 
usually shipped in on the railroad. The shipper furnishes the 
aggregate in cars, usually flat cars or bottom-dump hopper cars, 
which are placed by the railroad on a siding where the road 
contractor takes charge of them and unloads them. The 
regularity of supply is therefore dependent upon the ability of 
the railroad to make regular shipment. It may be laid down as 
an invariable rule that delays and disappointments are certain 
to occur, for which reason it is usually necessary for the con- 
tractor to keep a supply of material on hand; therefore, facili- 
ties for storing sand and stone must be provided. 


137. In some cases suitable materials are found close at 
hand so that they can be bought from local sources, or the 
contractor may build his own sand and stone producing plant. 
Such a plant involves crushers for breaking the rock into 
fragments of suitable size, screens for separating the coarse 
from the fine particles, washers for removing any clay or dirt 
clinging to the sand and gravel, bins for the storage of the 
materials, and elevating and conveying machinery for handling 
the aggregates. Plants of this kind may be more or less elabo- 
rate according to local conditions; they are usually of a tem- 
porary character and are intended to be more or less portable. 
One of the greatest practical drawbacks to such small plants is 
the frequency of breakdowns occasioned by the use of inade- 
quate machinery, which cause a complete stoppage of all work 
unless there is a storage bin in which a surplus of material can 
be accumulated to tide over just such emergencies. 


138. Many types of storage bins are used, varying from 
small bins capable of holding a wagon load to bins capable of 
storing many days’ supply. 

Where flat railroad cars are to be unloaded into wagons or 
trucks, a quick-unloading chute, shown in Fig. 34, is very 
valuable. It consists of a light steel bin provided with hooks so 
that it can be fastened to the side of the railroad car. The men 
stationed in the car shovel the sand or stone into the bin, and 
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when a wagon comes under the chute or bin, a gate is opened 
which at once precipitates all the contents of the bin into the 
wagon. In this manner there is no waiting while the wagon 
is being loaded, and since loading by hand usually takes 
10 minutes or more, the hauling capacity of each team is thereby 
increased. Another advantage of this device is that the shovel- 
ers in the car work more steadily and therefore to better advan- 


ve 


Fic. 34 


tage, since there may be several such chutes to keep filled in 
preparation for the return of the teams. 


139. Where hopper-bottom cars are to be unloaded into 
bins, a car unloader can be used to great advantage. The 
car unloader consists of a bucket a, Fig. 35, arranged to travel 
up and down on the inclined frame f and to discharge into the 
bin b at the upper end of its travel. The bucket is supplied with 
aggregates from the track hopper c. The track hopper is a 
receptacle installed under the railroad track d in such manner 
that it catches the aggregates discharged through the gates of 
the hopper car. A gasoline engine usually supplies the neces- 
sary power to elevate the bucket, although steam or electricity 
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can also be used if desired. The bin is provided with gates e 
through which wagons or trucks can be filled. 


140. For large operations, and especially where an indus- 
trial railroad is used, storage bins of large capacity are needed. 


Tm 
‘oo 


a 


In Fig. 36 is shown a layout of a storage yard recommended by 
the Committee of the American Concrete Institute. The yard 
is located between a switch a on the main standard-gauge rail- 
road and a loop b on the narrow-gauge railroad. On the 
track a, the cars c loaded with sand, stone, and cement are 
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received; on the 
track b the empty nar- 


N 
tae row-gauge cars d are 
N\_\ Y 5 he 
A me standing, waiting to 
|_| ss) 
a NS be filled. The cars d 
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are filled through 
spouts in the bottoms of the over- 
head bins e straddling the narrow- 
gauge track; switches f facilitate the 
movements of the empty cars which, 
after filling, are assembled in a 
trdin g of loaded cars ready to be 
hauled out to the mixer. 

Between the tracks, a crane h is 
located; this crane has a long arm 
from which an automatic clam-shell 
bucket is suspended. The bucket 
. is dipped into the aggregates con- 
ne tained in the cars c, and when it 
* is filled it is swung by the crane over 
the bins e, where the aggregates are 
discharged, stored, and delivered to 
the narrow-gauge cars. If the mate- 
rial comes in faster than needed, so 
that the bins overflow, it is deposited 
in storage piles 7 on the ground, 
whence the crane can gather it up 
again later, when the supplies are 
running low. The crane is of a 
self-propelled type and can travel 
anywhere in the yard, for which 
reason it is a most useful tool, hav- 
ing greater flexibility and radius of 
action than any other form of 
unloader. The bins may also be 
filled by means of bucket elevators 
or belt conveyers elevating the aggre- 
gates from track hoppers 
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AGREEMENTS AND SPECIFI- 
CATIONS 


INTRODUCTION 


CONTRACTS 


. CONTRACTS IN GENERAL 


1. Nature of a Contract.—A contract is a formal act 
whereby two or more parties bind themselves mutually to do 
or not to do some definite thing. By entering into a contract 
each party conveys power over himself to another party in 
consideration of something to be done by the other. If, for 
any reason, one of the parties to a contract fails in fulfilling 
the terms of the contract, the injured party has recourse to the 
courts of justice, or arbitration if legally provided, for such 
relief as the law or arbitration affords. It is thus an impor- 
tant feature of a properly drawn contract that all its provisions 
shall be legally enforcible. 


2. Essentials of a Contract.—A contract is legally 
enforcible only when it fulfils certain conditions. The fol- 
lowing four conditions are essential to all contracts: (1) The 
parties to the contract must be legally able to contract; 
(2) there must be an exchange of something of value for its 
legal equivalent; (3) the purpose of the contract must be 
lawful; (4) there must be a mutual understanding between the 
contracting parties. 
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3. Contracting Parties.—The contracting parties may 
be divided into the following classes: (a) Private individuals ; 
(b) corporations ; (c) partnerships or unincorporated organiza- 
tions, and (d) governmental departments. The ability of the 
contracting parties to enter into legally enforcible contracts 
is contingent upon certain qualifications described in the fol- 
lowing: 

(a) Private Individuals—Private individuals, with some 
exceptions, are competent to enter into valid contracts. The 
contracts of infants (those under twenty-one years of age), 
imbeciles, inebriates, and lunatics are voidable. The power 
of married women to contract is regulated by statute in the 
various states. 

Private individuals are often called upon to enter into con- 
tracts on behalf of other individuals, partnerships, corpora- 
tions, and governments. An individual authorized to represent 
some one else is said to be an agent. The powers of an agent 
do not extend beyond the authority conferred upon him by his 
principal. An agent overstepping his authority not only can- 
not legally bind his principal, but may make himself liable for 
the fulfilment of the contract. As long as an agent acts 
within the scope of authority conferred upon him by the 
principal, or upon the authority of precedent, the principal 
remains responsible for the consequences of any act of the 
agent. 

(b) Corporations —A corporation is an organization whose 
legal existence is based upon a charter issued to it by a state. 
The charter specifically circumscribes and limits the powers 
of the corporation so that no corporation can legally contract 
beyond the limits imposed by its charter. The charter and 
by-laws of a corporation, or resolutions of its board of direc- 
tors, empower certain of its officers or agents to bind the cor- 
poration by contracts. The contracts are valid only when 
entered into and signed by a duly authorized officer or agent 
of the corporation. It is usually necessary that in addition to 
the proper signature, the seal of the corporation be attached to 
the contract, and that the seal be duly attested by the secretary 
of the corporation. 
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(c) Partnerships or Unincorporated Organizations —Unin- 
corporated organizations, such as voluntary associations, clubs, 
societies, and congregations, have usually no legal existence, 
and contracts made with them are therefore difficult to enforce 
by lawsuit. A special form of unincorporated organization 
having a certain legal standing is the so-called partnership 
whereby two or more private parties unite for business pur- 
poses. The relations between a partnership and a third party 
are dependent, first, upon the contract between the partners 
whereon the partnership is based, and, second, upon the repre- 
sentation made by any or all of the partners to third parties. 
Generally speaking, all partners are legally bound by the signa- 
ture of any one partner unless otherwise stipulated in the 
partnership agreement. A contract made with a partnership 
is usually enforcible against all or any of the individual part- 
ners, whether the partnership agreement so provides or not. 

(d) Governmental Departments—Governmental  depart- 
ments are often parties to contracts. Such contracts must be 
signed by a duly and legally authorized officer or agent of 
the particular government department. A contract with the 
government—whether Federal, State, County, or City—is 
binding on the public, only when all legal formalities prescribed 
by law have been scrupulously complied with, such as public 
notice to bidders, acceptance of bids, authorization of the 
official or agent, and many other particulars too numerous to 
mention here. Contracting with the government is a specialty 
in both its legal and financial aspects and will not be explained 
in detail here. Suffice it to say that great care is necessary in 
entering into contracts with the public, since any irregularity in 
the awarding of the contract is fatal to the claims of the con- 
tractor, unless the department is only quasi-public. Contracts 
made with the United States Government differ from ordinary 
contracts in that they are not always enforcible in the law 
courts against the government, since suit cannot always be 
brought against the United States Government without its own 
consent, but in most contracts action may be had in the United 
States courts; the government always may sue the contractor 
for non-compliance with the terms of the contract. 
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4. Consideration.—It was stated in Art. 2, as one of the 
essentials for making a contract legal, that there must be an 
exchange of something of value (not necessarily money) 
between the contracting parties. This valuable something is 
called the consideration. Theoretically, the consideration 
must be adequate, the trade must be fair; but in practice the 
courts will not consider as inadequate a consideration declared 
adequate by the parties to the contract, regardless of how dis- 
proportionate the consideration may be, provided, however, 
that there is found no fraudulent intent. Thus, if A under- 
takes to furnish concrete for $3.00 per cubic yard on B’s job, 
he cannot escape from his contract even though the concrete 
would cost him $12.00 per cubic yard ; but if B had fraudulently 
induced A to enter into the contract by misrepresentation, the 
contract would not necessarily bind A, although it would 
probably bind B. 


~ 


5. Lawful Purpose.—tThe third of the conditions essen- 
tial to the legality of a contract is, according to Art. 2, the 
lawful purpose of the contract. Almost any purpose is law- 
ful, provided it is not immoral or otherwise contrary to law 
or to public policy. A clause whereby a party waives his 
right to appeal to the courts, unless carefully drawn, is usually 
not enforcible. For instance, a clause calling for compulsory 
arbitration, is a case in point; such clauses have been usually 
classed by the courts as opposed to public policy. 


6. Mutual Understanding.—The fourth and last con- 
dition required to make a contract legal is the presence of a 
mutual understanding between the contracting parties. 
Such mutual understanding is absolutely necessary. For 
example, a contract may be entered into by A’s sending a cer- 
tain written proposal to B and by B’s unqualified acceptance of 
the proposal; but if B accepts the proposal with a change or 
reservation, his acceptance is void and no contract exists, unless 
A accepts the change or reservation. Thus, if A’s proposal is 
to construct a certain building complete for a certain sum of 
money, B’s unconditional acceptance of this offer will consti- 
tute a contract, provided A’s offer is accepted by B within 
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reasonable time. But if B writes a letter to A, stating that he 
will accept the proposal on the additional condition that A 
complete the work within a certain stipulated time, the 
acceptance is not binding and A is released from his proposal, 
unless he accepts the change or reservation, because there was 
at no time a mutual understanding, no meeting of the minds 
of A and B. 


7. Classification of Contracts.—Contracts may be 
(a) written, (b) oral, or (c) implied. 

(a) Written Contracts—A written contract is one that is 
either written or printed, and signed by the contracting parties, 
and often sealed. A seal is usually a piece of red paper affixed 
to the document with mucilage; the sealing of the contract 
is sometimes necessary, but often only a formality, considered 
making the contract a more sacred document than it would 
be otherwise. 

(b) Oral Contracts—An oral contract (also sometimes 
called a parol or a verbal contract) is one to which the parties 
concerned agree verbally. Unless witnesses be present when 
an oral contract is made, it is of course impossible for one 
party afterwards to prove the existence and scope of the con- 
tract against the denial of the other party. Even if wit- 
nesses are available their testimony is likely to be contradictory, 
confused, and unsatisfactory. Oral contracts should, there- 
fore, not be relied on, where written contracts can be made. 

(c) Implied Contracts—An implied contract is one 
understood to exist although not based on either a written or an 
oral contract. Most contracts, whether written or oral, imply 
some obligations on the part of the contracting parties not 
specifically stated in the contract, so that contracts are often not 
stated in full but are in part implied. Contracts may be implied 
by acts. Thus, if a tenant continues to occupy premises after 
the expiration of the lease, there may be an implied contract 
between owner and tenant to continue the lease on the old 
terms, although the original lease did not in any way provide 
for the contingency named. Implied contracts often lead to 
misunderstanding and should be avoided as far as possible. 
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8. Difference Between Written and Oral Contracts. 
One important difference between the written contract and the 
oral contract is that no testimony is admissible in explanation 
of the terms of a written contract, where the written contract 
forms the basis for an action in court; whereas testimony is 
not only admissible but usually indispensable where an oral con- 
tract is involved. The reason for this is the rule of law that 
all written documents must speak for themselves, and that the 
interpretation of all written documents is the function of the 
court or the judge. Therefore, if a written contract exists 
between 4 and B, and suit is brought to enforce the contract, 
neither side can offer evidence to show that the contract has a 
larger or different meaning from what it shows on its face. 
By the signing of a particular written contract all previous 
verbal understandings as to this contract become null and void. 


9. Statutes of Frauds and Limitations.—lIn the sev- 
eral states there are codes of special laws known as the statutes 
of frauds and statutes of limitations. 

The statutes of frauds impose certain forms and con- 
ditions which must be observed in order to make contracts 
binding, and prohibit the use of the oral contract where the 
contract cannot be fulfilled within a certain time (usually one 
year from its date). Therefore, all contracts should be in 
writing, especially if intended to run, or likely to run, for more 
than one year. 

The statutes of limitations impose certain time limits 
within which lawsuits must be brought in order to collect a 
debt or enforce a claim. If no suit is brought within the time 
limit prescribed by law the claim or debt becomes null and 
void, and is said to be outlawed. 


10. Contracts With Foreign Corporations.—In some 
of the states a so-called foreign corporation is barred from 
suing on a contract unless it has complied with certain special 
regulations. The word foreign, as here used, denotes a cor- 
poration incorporated in another state. Thus, a foreign cor- 
poration can contract in the state of New York, but cannot 
bring suit for damage under the contract unless, before eriter- 
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ing upon the contract, the corporation had obtained a license 
from the Secretary of State of New York, and has kept the 
license alive. The laws of different states differ in this as in 
many other respects, so that the laws of contracts and the laws 
of corporations contain many pitfalls for the unwary. Any 
one engaging in the contracting business should therefore have 
the constant advice of a competent. lawyer skilled in building 
cases and contract law. 


ENGINEERING CONTRACTS 


11. Varieties of Contracts.—Even a small engineering 
job calls for numerous contracts. There is, first, the contract 
between the owner and the engineer, whereby the owner retains 
the engineer ; second, the contract between owner and contrac- 
tor, providing for the construction of the work; and third, the 
several contracts of the contractor on one side, with subcon- 
tractors and material men on the other side. On large jobs, 
the engineer may contract with other engineers or architects 
for their services. There may be land to be bought, damages 
to be liquidated, stock and bonds to be sold, money to be bor- 
rowed, insurance and surety to be provided for; all of which 
call for contracts to be entered into. On engineering work, 
all, or at least most, of these contracts influence the position and 
responsibility of the engineer, and some of them are custom- 
arily prepared by him. Although the young engineer would 
not be likely to, and should not if called upon, draft an impor- 
tant contract, he should nevertheless understand the principles 
upon which contracts are based, and he should especially 
familiarize himself with the particulars of the building contract, 
that is, the contract between owner and contractor, so as to 
be able to make suggestions. 


12. Documents of Building Contract.—A contract 
to build must set forth all of the understanding between owner 
and the contractor; that is, it must specify in detail what each 
is to do and not to do. In drafting a building contract, the 
engineer must view the proposed construction under three 
separate aspects, namely, legal, financial, and technical. The 
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documents in which these three aspects are considered are 
three in number, and are, respectively, the agreement, the 
specifications, and the plans. Legally, it makes no difference 
in which of these any particular fact is stated, since the three 
documents are usually made equally binding; but as a matter 
of fact, an almost universally accepted custom has been 
developed whereby all legal matters are placed in the agree- 
ment. The specifications are divided into two parts of which 
one, commonly called the general specifications, contains ali 
matters pertaining especially to finance and business, while the 
other, called the detail or construction specifications, together 
with the plans, constitutes the more technical part of the con- 
tract, and is concerned especially with methods of construction 
and qualities and quantities of the material to be furnished by 
the contractor. 


13. Contract and Agreement Not Synonymous. 
Many dictionaries and law books define the term contract as an 
agreement, in law, as such, the two words are therefore often 
used synonymously. Until recent years this was also the custom 
among engineers, architects, and contractors, and even now the 
words contract and agreement are sometimes loosely used by 
builders to express one and the same thing. The better usage 
is, however, to give to the word contract the larger scope 
embracing, as already stated, the entire understanding between 
owner and contractor, including the specifications, and plans, 
reserving the word agreement to denominate that particular 
document in which the purely legal matters are stated, and 
this usage is the one followed in this Section. 


14. Special Features of Engineering Contracts.—It 
has already been pointed out that while an ordinary contract is 
essentially an agreement, an engineering contract is more than 
an agreement in that it embraces also a multitude of technical 
matters enumerated in the plans and specifications. A further 
difference is that, owing to the great and obvious importance 
of the technical matters, these are usually under the jurisdic- 
tion of a technical expert—an engineer or architect, as the case 
may be—who is, in a certain measure, a third party to any 
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engineering contract, and his approval should be indorsed on 
all the documents and papers. 


15. Position of the Engineer.—In the sense used in 
the specifications the word engineer refers to a technical expert 
engaged by the owner for the purpose of preparing plans and 
specifications, as well as for supervising the erection of the 
work. Although employed by the owner and _ especially 
charged with the supervision of the construction, the engineer 
is usually assumed to occupy a position between owner and 
contractor, to act in case of dispute as an arbitrator between 
their conflicting interests, and, in general, to favor no side to the 
detriment of the other. In many cases this dual capacity of 
the engineer brings him into trying positions; but while the 
system is thus theoretically objectionable, it has, however, in 
practice been found to give better satisfaction than where the 
engineer is altogether the agent of the owner and nothing more. 


16. Powers and Duties of the Engineer.—The engi- 
neer derives all his power from the stipulations of the contract 
between owner and contractor, and he cannot make decisions 
contrary to the letter and spirit of the contract, and have them 
sustained in court. But even though limited by the contract, 
the powers of the engineer are usually very great; he is often 
“sole judge of the work, its quality and character,” almost any 
question arising is “subject to the decision of the engineer,” 
and sometimes “the decision of the engineer is final and bind- 
ing upon all parties,” to quote a common stipulation from engi- 
neering contracts. This wording is, however, unfortunate, and 
as far as possible the plans and specifications should be 
absolutely definite. It is also a common requirement that the 
work is “to be completed according to specifications and to the 
acceptance and satisfaction of the engineer.” 

Great as are the powers thus conferred, they do not confer 
power upon the engineer to the exclusion of the courts, and 
either owner or contractor can bring suit in the courts against 
the other if dissatisfied with the decision of the engineer. The 
court is not bound to accept the judgment of the engineer, but 
will usually do so if the decision of the engineer is based upon 
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honest investigation, equity, and sound reasoning. Thus, the 
court should never, and will seldom, uphold the decision of the 
engineer if he departs from equity or from the requirements 
of plans and specifications. 


17. It is the engineer’s first duty to follow the specifica- 
tions literally, and he usually is given no power to accept any- 
thing deviating therefrom. Although it is frequently done in 
practice, the engineer has no right to permit such substitution 
as, for example, pit-run gravel in place of sand and crushed 
rock, if these be called for by the specifications. Neither 
should he allow the substitution of hot twisted bars for cold 
twisted ones; nor accept cement not tested if tests are 
prescribed in the specifications. In this respect it makes no 
difference whether or not the substitute is “as good” or even 
better than the materials originally specified, nor can the engi- 
neer change the specifications or permit deviation therefrom 
on the ground that he is their author. Once they are agreed to 
by owner and contractor, the engineer loses control over plans 
and specifications, and instead of controlling them he is him- 
self controlled by them, and they can be changed only by 
written supplemental agreements. An obvious exception is the 
case where the contract expressly reserves the right for the 
engineer to make minor changes or to accept substitutes; but 
such an arrangement is fraught with dangers. 


18. Assistant Engineers and Inspectors.—What- 
ever governs the position of the engineer will also govern the 
position of his duly authorized representatives or agents, such 
as assistant engineers and inspectors. These are bound as 
much as the engineer by the requirements of the contract and 
have no right to demand what is not in the contract nor to 
waive anything that is therein. 

If an inspector is constantly present on the job, it becomes 
his duty to see that the specifications are lived up to. The 
continual presence of a lax inspector may have exactly the 
opposite effect of the one intended, because the owner (or his 
legal representative) cannot usually stand idly by without 
objecting to obvious violations of the contract, and then after- 
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wards claim damages for defective work. But if, on the other 
hand, the engineer is not continually present, and the contractor 
slights the work during the absence of the engineer, then the 
owner can recover the damages suffered if the defects are 
subsequently discovered. Therefore, whatever inspection is 
given should be as efficient as possible, especially where the 
engineer is the sole judge of quality and where his decisions are 
final and binding. 

It often makes no difference in the court’s decision whether 
in point of fact the engineer is mistaken in his judgment. If he 
honestly believes and has tried fully to assure himself that 
the materials or workmanship are defective, and therefore 
rejects them, the court will probably uphold his decision and 
the contractor will thus be unable to recover damages in 
court for the rejected materials and workmanship, even though 
it might afterwards turn out that the rejected materials con- 
formed to the specifications. 

If, however, the engineer’s decisions are not final and bind- 
ing, his acceptance of inferior workmanship or materials does 
not bind the owner nor exonerate the contractor, and the 
owner can recover damages in the courts. 


19. Waived Clauses.—It might seem as if the strict 
insistence by the engineer upon the letter and spirit of a con- 
tract might often work hardship on the contractor. Engineers 
and owners have, therefore, sometimes been influenced by a 
contractor’s complaining of hard luck into granting him cer- 
tain indulgences and easements of his contractual obligations. 
This, however, is a very poor policy since if the owner (or his 
engineer acting for him) repeatedly permits deviations from 
any one clause, it may be found that he has tacitly waived his 
rights under that clause, which from that moment becomes 
null and void. It cannot again be enforced, and the con- 
tractor’s surety bond has become invalidated. The engineer, 
therefore, throughout the period of construction, should care- 
fully guard against any act that might be construed as consti- 
tuting a waiver of the contract as a whole or any part thereof. 

Similarly, the contractor must constantly guard his rights 
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lest he unwittingly be drawn into a position where he has 
waived the contract or parts thereof. For example, the con- 
tract drawings for a dam may include a small scale elevation 
upon which is shown an apparently plain molded cornice, but 
at a later date the owner presents a larger scale drawing of the 
cornice showing it to consist of intricate carved stone work. 
If then the contractor silently proceeds to install this cornice, 
or if he makes but a mild protest against the imposition, he can- 
not later recover the additional expense due to the extra work 
on the cornice because he has waived his rights by acquiescing. 
Where, therefore, the owner attempts to impose new and 
stricter conditions upon the contractor, or insists upon addi- 
tional or more difficult work than originally provided for with- 
out offering adequate compensation, the contractor is entirely 
justified in refusing, and usually suffers if he does not refuse, 
to proceed with the additional work or to accept the new 
conditions. If, in an extreme case, he should thereby be 
forced to quit the contract, he will still have recourse to the 
courts for damages for violation of the contract by the owner. 


20. Lawsuits.—Although it has been repeatedly stated 
in the preceding pages that a contract is enforcible by suit in 
courts of law, and although specific instances have been given 
where a suit at law would likely prove successful, it is by no 
means the intention here to encourage dependence upon the 
courts of law except as a last resort, since in most cases the 
loss of time, of money, and of energy will amount to far 
more than can be recovered by a lawsuit. Lawsuits are pro- 
verbially profitable only to the lawyer. Besides, some slight 
oversight or misunderstanding may cause an unfavorable 
decision even in an apparently favorable case, as it is usually 
extremely difficult to get a judge or a jury to understand 
technical matters. The uncertainty of the outcome of law- 
suits is well illustrated by the fact that many decisions in cases 
involving matters pertaining to engineering, building, patents, 
and so forth, are reversed upon appeal to a higher court. 

If, then, it is advisable to appeal to the courts only as a last 
resort, it becomes necessary to provide other means of adjust- 
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ing disputes, and the means usually adopted is arbitration. 
Arbitration, like action in court, is, however, not without dis- 
advantages of its own, and the engineer should therefore use 
every legitimate means to bring about a compromise between the 
disputing parties before either of them resorts to law or to 
arbitration. There are certain owners, as there are certain 
contractors, who always have cases in litigation; but there is 
another and much larger group of both owners and contractors 
who take pride in the reputation of never having had a law- 
suit, and who have profited largely thereby. The engineer 
who recognizes that engineering and construction are based 
upon legal principles, and yet succeeds in keeping his clients 
‘out of court and away from arbitration, will in the long run 
serve both his clients, his contractors, and himself to best 
advantage. 


21. Arbitration.—As already stated, the duty of deciding 
whether or not the workmanship and materials are satisfactory 
and in accordance with the plans and specifications usually 
rests upon the engineer. Either owner or contractor may 
become dissatisfied with the decisions rendered by the engi- 
neer. If the owner becomes dissatisfied with the engi- 
neer’s decisions, he can, of course, discharge the engineer, 
although it is believed that such a remedy is usually a mis- 
take and should seldom be adopted. The contractor, if dis- 
satisfied, has no such remedy, unless he can induce the owner 
to discharge a manifestly unjust engineer. In order to afford 
owner and contractor—and more especially the contrac- 
tor—relief in such cases, a clause is often inserted in the 
specifications calling for arbitration by a semi-public board of 
arbitration, of which the Board of the New York Chamber 
of Commerce is the most notable example. Or, the arbitra- 
tion may be performed by a board named in the contract or by 
a board composed usually of three men to be selected. Of 
these men, one is usually appointed or selected by the owner, 
one by the contractor, and the third, who becomes the chair- 
man is selected and agreed upon by the two first chosen. 
Since the two first chosen may fail to agree in their choice 
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of the third member, provisions should be made in such 
emergency for the appointment of the third member by some 
entirely disinterested person such as, for instance, a judge of 
the court, the mayor, or some other government officer. 


22. Arbitration by three men is usually very expensive 
since the arbitration takes much time, and the time of the 
class of men that usually are and should be chosen as arbitra- 
tors is valuable. For this reason, arbitration by a single 
arbitrator is sometimes provided for in the specifications. 
The single arbitrator may be chosen by agreement between the 
parties, but since these are already in a state of disagreement 
at the time when the arbitrator is to be chosen, it is better to 
have the arbitrator agreed upon at the time of the signing of 
the contract and named in the agreement. 


23. As compared with the law courts, arbitration usually 
has the advantage of being immediately available, where it 
is not uncommon for the courts to be sc overburdened with 
work that a case may be delayed for months or years. Where 
work is stopped as a result of the litigation, great hardship 
and financial loss may result from the delay. On the other 
hand, arbitration has the great disadvantage of not being 
binding upon the contending parties since a clause in the con- 
tract providing for arbitration cannot usually bar either party 
from going directly to the court. However, once an arbitra- 
tion board has rendered a decision, neither party will have 
much chance to upset the decision in court unless they can 
prove fraud, collusion, or gross incompetency on the part of 
the arbitrators. 


24. If a contract contains a clause intended to prevent 
either party from exercising his inherent right of appealing to 
the court, such a clause usually cannot be enforced. It follows 
that arbitration is usually brought about only by the voluntary 
consent of the parties, irrespective of whether specified in the 
contract or not. Some engineers have therefore contended 
that arbitration clauses might as well be omitted, since if the 
parties desire to arbitrate they can do so, and probably will 
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do so, even if there is no arbitration provided for in the con- 
tract. While this contention is sound logically and legally, it 
seems nevertheless wiser to provide the necessary machinery 
for arbitration in the shape of clauses agreed to by both 
sides, so that it can be set in motion at any time desired with 
a minimum of delay and confusion. 


25. Bonds.—Through the engineer’s decision, or, more 
commonly, through lawsuit or arbitration, the owner may 
succeed in establishing his right to certain damages, but when 
it comes to actually collecting the damages or other amounts 
awarded him the owner will often find himself in difficulties. 
The competent, honest, or wise contractor will rarely permit 
himself to be drawn into a controversy leading into the courts 
of law; it is more commonly the contractor lacking experience, 
funds, or honesty of purpose who gets into difficulties. The 
owner will usually find it impossible to collect from such a 
contractor because usually he has no visible assets. To protect 
the owner against such emergencies the contractor is required 
to furnish a bond or surety, whereby certain parties called 
the bondsmen pledge themselves to complete the work at their 
own expense in case of the default of the contractor, and, in 
general, to make good any financial obligations that the con- 
tractor may fail to satisfy. 


26. The bond may be furnished either by private parties, 
usually two individuals called bondsmen, or by a surety 
company. A surety company is a company making a 
business of furnishing bonds for contractors and others, for 
which service it charges a fixed percentage of the contract 
price. Although a few owners still prefer the private bond, 
it is now a prevailing custom to accept only a bond furnished 
by a reliable surety company; because these bonds are easily 
obtained by a contractor having standing and assets, and they 
furnish adequate security. Besides, it may prove just as 
impossible to collect from private bondsmen as from the 
contractor, for identical reasons. Where a bond has been 
furnished, it is very important that no changes be made after- 
wards in the contract, since any deviations from plans and 
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specifications may cancel the bond. The owner, therefore, 
before ordering any changes should always consult his attor- 
ney, and probably also the surety company, in regard to the 
influence of proposed changes on the bond. 


27. Lien.—It might perhaps seem like an unfair and 
one-sided method to bond only the contractor but not the 
owner, since the owner may—and sometimes does—become 
entangled in financial difficulties that make it impossible for 
him to fulfil his obligations to the contractor. In point of 
fact, failure of the owner to discharge his duty is likely to 
endanger the contractor far more than the failure of the 
contractor to discharge his duties will endanger the owner. 
Aside from using ordinary business caution in dealing with the 
owner, contractors usually have only one legal protection, 
namely, that of the lien laws. 

A lien is a legal claim against property as security for 
unpaid debts, the property usually being improved or in a 
state of construction. For example, under the lien law, a 
mechanic may retain a piece of machinery, upon which he has 
worked, until he has been paid for his time. Similarly, con- 
tractors, subcontractors, laborers, and material men may have 
a lien or claim against the structure upon which they have 
worked or for which they have furnished materials. The lien, 
when properly recorded, prevents the owner of the structure 
from disposing thereof, but it does not give an interest in the 
property to the one who files the lien. How to file a lien 
cannot be explained here, since the lien laws are state laws 
and vary from one state to another and the contractor usually 
gets his attorney’s advice. In general, the lien must be 
recorded within a comparatively short time after the debt has 
been incurred in order to become effective. 

An interesting question arises, when the owner neglects to 
pay his engineer or architect, as to whether or not the engi- 
neer or architect has a lien against the property. This ques- 
tion cannot be broadly answered by yes or no. In some states 
the engineer is protected under certain circumstances and in 
others not. Where occasion arises, such questions should be 
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submitted to a local lawyer skilled in construction and lien 
laws. It should be noted that liens are not effective against 
public property. 


28. Local Labor and Building Laws.—Reference has 
already been made to the statutes of frauds and limitations, 
and to the laws concerning foreigh corporations. Other local 
laws are the labor laws, which in some places determine wages 
and working hours for all or for certain classes of labor. In 
some places there are laws (usually building laws) requiring 
that the contract and sometimes also the plans and specifica- 
tions be filed with the building department, the town clerk, or 
county clerk. All the larger cities have their own individual 
building regulations which are not entirely alike in any two 
cities, and in addition some states have state building regu- 
lations that sometimes elaborate and in other cases conflict 
with and often take precedence over the city regulations. 

The local building and labor laws of any given locality will 
usually govern and control the practical execution of any 
construction work erected there, irrespective of where the 
contract is made. But all other questions involving the legality 
or enforcement of the contract itself will usually be decided 
according to the law of the place at which the contract was 
signed. For this reason, an engineering contract should indi- 
cate the place where it is concluded, although neither the 
Uniform Contract nor the Standard Form of Agreement of 
the American Institute of Architects contain any reference 
thereto. These documents will be considered in detail fur- 
ther on. 


29. Local Customs.—Equivalent almost to the written 
laws of states and municipalities, are the unwritten laws of 
custom prevailing in many places and having reference espe- 
cially to units of measure and methods of measuring. These 
peculiar customs are mostly found amongst the masons (both 
cut-stone and brick masons) and the plasterers, and take such 
forms as counting corners twice or disregarding openings 
partly or entirely. Special units are also sometimes employed ; 
thus, masonry should always be measured by the cubic yard, 
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but in some places the perch is used instead. Although the 
dimensions of the perch legally are 163 ft.X14 ft.X1 ft., equal 
to 24% cubic feet, the perch is, in some districts, assumed to be 
22 cubic feet and in others 25 cubic feet. 


AGREEMENTS 


CONTENTS AND STANDARD FORMS 


30. Contents of Agreement.—As already stated, the 
contents of the agreement are of a legal and financial nature, 
and usually comprise the following items: (1) Date of 
agreement and place where made; (2) identification of the 
contracting parties and their legal residence; (3) identifica- 
tion of structure and site; (4) identification of the engineer ; 
(5) time of commencement and completion of the work; 
(6) total contract price; (7) method of payment; (8) dam- 
ages for failure to complete the work on time; (9) enumera- 
tion of plans and specifications, and a clause expressly making 
these documents a part of the contract; and (10) the legal 
signatures of the contracting parties. Since each of these 
items can obviously be expressed in a short and clear sentence 
it is not necessary to consider them at length here. 


31. General Form of Agreement.—The contents of 
the agreement should be presented in a short, concise, and 
logical manner, and in certain customary forrns. There are 
different forms in use; most of these embrace the following 
three essential parts: 

(1) A preamble, wherein the purpose and reason of the 
contract are set forth; (2) a body, in which is stated exactly 
and fully what each party to the contract undertakes to do 
and not to do; and (3) a conclusion, containing the signatures 
of the contracting parties. 


32. Standard Forms of Agreements.—The agree 
ment is supposed to be prepared by the engineer, but since 


AGREEMENTS AND SPECIFICATIONS 19 


very few engineers possess the training necessary for the 
development of original forms of legal documents recourse is 
usually had to so-called standard forms, of which several 
good ones are in existence. Federal and state authorities, as 
well as railroads and other large corporations, have their own 
standard forms which, for standard work, the contractor 
is required to sign. Large engineering and architectural firms 
also frequently have their printed standards. These have been 
developed by them through many years of experience, and have 
been prepared jointly by engineers, architects, and lawyers. 
In addition to these more or less private standards, there are in 
existence certain standard forms of documents intended for the 
general use of the public. Two of these that may be useful 
to the engineer although primarily intended for the use of archi- 
tects are the following. The so-called Uniform Contract, pre- 
pared jointly by the American Institute of Architects and the 
National Association of Builders; and the Standard Documents 
of the American Institute of Architects, prepared by the Insti- 
tute and approved by the National Association of Builders’ 
Exchanges and other associations. The Uniform Contract 
is a complete agreement containing also some general clauses, 
and the Standard Documents comprise forms, not only of 
agreement, but also of general specifications, contractor’s bond, 
agreement between contractor and subcontractor, and letter of 
acceptance of subcontractor’s proposal. The two types of 
documents are not reproduced here because they are subject 
to change and revision. Copies can usually be obtained in 
local stationery stores, builders’ exchanges, and architectural 
organizations, or direct from the Secretary of the American 
Institute of Architects, The Octagon, Washington, D. C., at 
nominal prices. Certain clauses may require change or 
elimination for a particular piece of work, and new clauses may 
have to be inserted. 
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SPECIFICATIONS 
GENERAL SPECIFICATIONS 


INTRODUCTORY 


33. Division of Specifications.—As already explained, 
specifications may be considered as consisting of two parts: 
general specifications and detail specifications. 

The general specifications contain all matters relating 
especially to business relations, and thus govern all trades on 
the job in distinction from the detail specifications, which 
must be prepared separately for each trade such as masonry, 
carpentry, concrete work, plastering, etc. The purpose of 
the general specifications is to define the general aims and 
purposes of the contract, and to serve as a guide in the 
daily relations between owner and contractor. The general 
specifications are sometimes called the general clauses of the 
contract. 


34. Although the detail specifications will be considered 
in greater detail further on, it will be necessary to define them 
at this place, as they are so closely related to the general 
specifications that it is difficult to describe the function of one 
without referring to that of the other. 

The detail specifications, together with the plans, are 
intended to define in detail the workmanship, as well as the 
quality and quantity of the materials to be used. Although in 
many cases a given statement may be incorporated in either 
the detail specifications or the plans, it may be said in general 
that the detail specifications define the workmanship and 
the quality of the material, by giving descriptions and that the 
plans define the quantities, by giving dimensions. Thus, the 
plans would indicate that a certain foundation block is 
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100 ft.x50 ft.x6 ft. in size, and the detail specifications 
would indicate that the mixture of the concrete for the block 
is to be 1:2:4, as well as the kinds of cement, sand, stone, 
and water to be used, and the method of mixing and placing. 


35. Principal Features to Be Considered.—The gen- 
eral clauses of specifications will necessarily vary in scope and 
arrangement from contract to contract. Consequently, the 
specifications cannot be considered under one general head; 
yet their main features may be classified and explained in 
greater detail under the following divisions: (1) Definition 
of words; (2) documents of the contract; (3) financial mat- 
ters; (4) relations between the contracting parties; and 
(5) installation and acceptance. These subjects will be briefly 
considered in the following pages. 


DEFINITIONS OF WORDS 


36. Language of Specifications.—The specifications 
should be so written that their meaning will be perfectly clear 
to the superintendent and foreman on the job. It is therefore 
essential that their language be simple, direct, and expressed 
in the proper and, so far as possible, common technical terms. 
Specifications so written should be largely self-explanatory, 
and should require few if any definitions of specific words. 
It is, however, advisable to preface the general clauses with 
a few paragraphs defining the words owner, engineer, engi- 
neers assistants, contractor, and subcontractor. Since these 
terms have been defined before, no further reference will be 
made to them here. In addition, such terms as written notice 
and work are frequently defined. 


37. Written Notice.—While the daily business between 
the engineer and contractor is transacted by ordinary corre- 
spondence, by word of mouth, or by telephone, a. so-called 
written notice is usually required in cases where violation of 
the contract is alleged, and especially where the owner desires 
to discharge the contractor for failure to live up to the con- 
tract stipulations. The specifications should define just what 
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act constitutes the delivery of a written notice ; such as delivery 
in person to the individual for whom it is intended if the 
delivery can be proved, or mailing by registered mail. Either 
of these methods is usually legal. Incase the momentary where- 
abouts of the party may not be known, it may be stipulated in 
the contract that a registered letter addressed to the business 
address last known is a sufficient notice. As a matter of law, 
any letter sent by ordinary mail and addressed to the usual 
place of business of the addressee will usually be considered 
as a legally effective notice, provided the sender can prove that 
he has prepaid the postage and mailed the letter. This proof 
is most readily furnished by means of a post-office receipt 
such as given for all registered mail. 


38. Work.—By the terms work of contractor and work 
of subcontractor is usually understood both labor and material, 
and the specifications should so state. Otherwise the con- 
tractor may claim that work is synonymous with labor only, 
in accordance with a quite common use of the term work. 


39. Ambiguous Language.—The double meaning of 
the term work, explained in the preceding article, shows how 
difficult it is to avoid ambiguous language, and also how impor- 
tant it is that it should be avoided, since words or expressions 
having double meanings open the way for endless disputes. 
Therefore, great care should be taken to use language that 
can have but one meaning. But, because there is a possibility 
that some one may derive an unexpected meaning from even 
the most careful statement, a clause is often inserted in the 
specifications giving to the engineer the sole power of deter- 
mining the true meaning of any ambiguous or conflicting 
language or statements in the contract documents. One com- 
mon cause of conflicting statements arises from the repetition 
of statements intended to be the same. It often happens 
that in a subsequent revision, a change is made in one place 
but overlooked in another. The remedy is obviously to make 
each statement but once in the contract. A good rule to fol- 
low in writing specifications is to avoid repetitions. A better 
rule is to check thoroughly and carefully weigh each statement. 
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DOCUMENTS OF THE CONTRACTS 


40. Enumeration of Documents.—lIt should be stated 
in the specifications that the contract comprises and includes 
the following documents: agreement, general specifications, 
detail specifications, and drawings. 


41. Signatures.—For purposes of identifications, all 
the documents of the contract should, be signed by both owner 
and contractor. Usually two copies of each document are 
signed, one copy being retained by the owner and one by the 
contractor. 


42. Details of Shop Drawings.—While the agree- 
ment and specifications necessarily have been completed at the 
time the contract is signed, the plans are usually completed in 
part only, certain plans known as details and shop drawings 
being left for completion at a later date. 

The details are plans usually made by the engineer (or 
approved by him) for the purpose of further elaboration of 
the general scheme shown in the contract documents; they 
must, of course, be consistent with the spirit of the original 
plans and specifications. 

Shop drawings are plans made by a contractor or a sub- 
contractor for the purposes of manufacturing or setting in 
place of certain parts of the work; such drawings are com- 
monly prepared for cut-stone work, structural steel, rein- 
forcing rods for concrete, and similar work. 

It is usually a part of the engineer’s duty to furnish the detail 
drawings in proper season, so as not to delay the contractor’s 
work, but the engineer does not usually prepare the shop 
drawings. Generally, the shop drawings are made by the con- 
tractor or subcontractor, and copies are furnished to the 
engineer for his information by the contractor, and for the 
engineer’s approval. Whatever method is adopted should be 
plainly stated in the specifications, and the number of copies 
to be furnished to the engineer should be indicated, as well 
as the purpose for which they are intended. One set is usually 
required to be returned to the contractor with the engineer’s 
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approval indorsed thereon, or with the required changes indi- 
cated, if such are necessary. 


43. Sets of Drawings Required.—There should be 
available for immediate reference, one complete set of draw- 
ings and specifications at the engineer’s office and another at 
the job. Other sets are usually furnished by the engineer to 
the owner and to the contractor. Usually the engineer 1s 
required to furnish a certain number of sets of plans and 
specifications without cost to the contractor, and any addi- 
tional copies at actual cost of reproduction. All the sets 
issued by the engineer are and remain his property, except 
the two sets signed by owner and contractor, and the specifica- 
tions should so state. Upon completion of the work all plans, 
except those forming part of the contract, should be returned 
to the engineer. 

Models are not commonly made on engineering work; if 
such are required they are, unless otherwise provided, made 
at the owner’s expense and belong to him. 


44. Conflicting Specifications and Drawings.—lf 
there is no conflict between the various documents of the con- 
tract they are all equally binding and equally important. H, 
however, conflict is discovered, the several documents rank 
in the following order: agreement, general specifications, 
detail specifications, plans, details, and shop drawings. If 
conflict is discovered between figured dimensions on the same 
plan, overall dimensions govern detail dimensions; as between 
figured dimensions and scaled dimensions, the figured dimen- 
sions prevail. Large-scale drawings in general dominate 
small-scale drawings, except that the original drawings govern 
the detail drawings although the details are usually of larger 
scale. The sequence or relative importance here indicated 
is a matter of custom rather than of law, and the court will 
usually give equal weight to all documents so that, if an 
apparent conflict is discovered, the court will first of all 
endeavor to find a solution of the conflict that satisfies all the 
documents, even though this solution may not be the best from 
an engineering point of view. It is usual to state in the agree- 
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ment that anything called for in the specifications and not 
shown on the plans, or shown on the plans and not called 
for in the specifications, shall be as binding upon the contractor 
as if set forth in each. 


FINANCIAL MATTERS 


45. Classification.—The total stipulated consideration, 
or contract price, as well as the method of payment, is 
stated in the agreement, usually leaving for the general speci- 
fications only the details of the financial arrangement between 
owner and contractor. These details, which include also such 
subjects as extra work, sanitary policing, protection of 
adjacent property, insurance, workmen’s compensation, etc., 
may be treated under the following headings: Additions and 
deductions; protections; monthly estimates; permits and 
licenses ; royalties and patents. 


46. Additions and Deductions.—Since practically no 
large contract job is ever completed without at least some 
changes from the original plans and specifications, it is always 
wise to stipulate in the specifications that the owner may order 
the necessary changes without invalidating the contract. The 
payments are increased or reduced in accordance with the 
change; and if there be a time limit for the completion of 
the work, a reasonable extension of time for doing such extra 
work must be granted the contractor. Reduction of the time 
on account of a moderate reduction in the quantities is usually 
not considered, nor required of the contractor. 

Owing to the uncertainty of verbal understandings, all orders 
involving changes should be in writing, signed by the engi- 
neer or owner, as may be provided in the contract. The 
engineer can sign for the owner, legally, only after he has been 
duly authorized. It should be expressly stated in the specifica- 
tions that “no claim for an addition to the contract price shall 
be valid unless ordered in writing.” Notwithstanding any 
such clause, if the contractor puts in extra work without a 
written order, but with the knowledge and consent of the 
owner, and under the direction of the engineer, the contractor 
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will have a legal claim for a reasonable price for the extra 
work, even if a written order is absent. Usually the price for 
such additional work is agreed upon in advance in writing. 
Common methods of payment are: (1) By a lump sum 
intended to cover the entire extra work; (2) by a unit price; 
and (3) by the cost to the contractor, plus either a fixed 
sum or a percentage, to cover the contractor’s overhead 
expenses and profit. 


47. Protection.—All large contracts, and the majority 
of small jobs, endanger to some extent the property, welfare, 
and life not only of the owner and contractor, but also of 
neighbors, workmen employed on the job, and the public in 
general. These several interests are protected by a variety 
of sanitary, technical, and financial measures stipulated in 
the general clauses of the contract and briefly described in the 
following articles. 


48. Sanitary Policing.—Sanitary policing of an intense 
kind is customary on all large public contracts in order to 
prevent spread of contagious disease by pollution of drinking 
water and streams. Even on small jobs it is customary to 
compel the contractor to maintain adequate latrines in good 
sanitary condition. 


49. Protection of Adjacent Property.—Adjacent 
property is often endangered by the undermining of its cellar 
walls and other foundations by new building operations. 
Local laws are usually in existence, defining to what extent the 
builder must take care of adjacent foundations; but the speci- 
fications must be so worded as to make the contractor solely 
responsible for the proper protection of neighboring property 
and for any damages resulting from neglect of duty in this 
respect. Whether or not the owner can entirely escape his 
liability in case of damage to adjoining property, depends, how- 
ever, upon local laws and upon the nature of the building 
contract. In some states the owner of a lot is responsible 
for the behavior of whatever he brings or causes to be brought 
thereon. If he brings upon the lot a wild animal that 
subsequently escapes and kills somebody, he is responsible, 
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and similarly if he builds upon his property a wall that 
subsequently topples over into his neighbor’s house, he will 
be responsible for any damage to property, limb, or life caused 
thereby. In most states the contractor will, however, be 
responsible, unless he is legally acting as an agent for the 
owner. As previously explained, an agent is a person carry- 
ing out specifically defined acts on behalf of another person. 


50. Calamities.—Calamities such as floods, cyclones, or 
conflagrations may arise; and in anticipation of such events 
the specifications usually permit and require the contractor 
to act at his discretion in order to prevent loss or injury, and 
to claim a reasonable compensation from the owner for any 
expense caused thereby. But notwithstanding any such clause, 
the contractor is usually required to protect his work against 
ordinary damage, and the owner’s property against ordinary 
injury caused by the erection of the contract work. For such 
ordinary protection the contractor cannot claim reimbursement 
from the owner. 


51. Liability Insurance.—In general, a man’s lia- 
bility is that for which he is responsible, but in construction 
work this word is more especially used to signify that par- 
ticular responsibility arising from damages to property, limb, 
or life caused by the building operations, and resting usually 
upon the contractor. However, under certain circumstances of 
contract and law the owner may become primarily or jointly 
responsible. Such responsibility, arising through the acts of 
others or through contractual obligations, is called contingent 
liability. Insurance taken out to protect against liability is 
called liability insurance, or employer's liability. 


52. It is always possible for the contractor to insure his 
men and the general public against accidental injury or death. 
It is a wise custom that compels the contractor, by stipulations 
in the specifications, to protect himself from claims for dam- 
ages caused by accidents. Many insurance companies make a 
specialty of this form of insurance, or employer’s liability 
insurance, charging therefor a fee based upon a percentage 


28 AGREEMENTS AND SPECIFICATIONS 


of the contractor’s payroll. In most states such insurance is 
regulated by law, and in many states it is compulsory under 
laws known as Workmen’s Compensation Acts, and is often 
handled directly by a state department, to whom the contrac- 
tor is required to pay the premiums, which may be a percentage 
of the payroll, or a lump sum. 


53. Since the owner is likely to be made jointly respon- 
sible with the contractor for any damage to property, limb, 
or life caused by the building operations, he too is often 
required by the specifications to take out insurance protecting 
him against such claims. It might seem to be a matter of no 
importance to the contractor whether or not the owner was 
so insured, and therefore a matter not properly incorporated 
in the contract. However, when it is remembered that the 
damages frequently awarded by juries for personal injuries 
run into thousands of dollars, and for loss of life into tens of 
thousands, it will be seen that an accident may cause, as a 
final result, a liability of hundreds of thousands of dollars. 
Such a liability would bankrupt the majority of owners and 
contractors; and it is to protect themselves mutually against 
any such eventuality that liability and contingent-liability 
insurance are insisted upon by both parties to the contract. 


54. Fire Insurance.—Many kinds of construction work 
are attended with considerable fire risk, most of all perhaps 
reinforced-concrete work carried on in the winter, with fires 
kept burning underneath the forms in order to accelerate the 
setting of the concrete. To protect owner and contractor 
against loss by fire, the specifications should call for fire insur- 
ance to be taken out for the joint benefit of owner, contractor, 
and subcontractor. 

There are various ways of handling the insurance. Many 
engineering specifications call for the contractor to take out 
and pay for the insurance. In building work it is sometimes 
preferred to have the owner take out the policy, making him 
a trustee to recewe any money due on account of fire insurance, 
and to distribute the money so received among those damaged 
by the fire, according to their loss. 
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Whether such items as insurance premiums and other similar 
incidental expense should be borne by owner or contractor is 
in the final analysis of no great importance, since if the con- 
tractor be called upon by stipulation in the contract to pay 
therefor, he merely adds the cost to his bid, so that in the end 
the owner pays the cost anyway. All such matters can there- 
fore be arranged as seems most convenient in any particular 
case. The important thing is for the engineer to state definitely 
in his specifications just what method is to be adopted in each 
case, lest misunderstanding and dispute arise subsequently 
between the contracting parties, or perhaps a serious fire should 
occur and there be no insurance to cover the loss.” 


55. Bond.—Reference has already been made to the 
necessity of protecting the owner by a surety bond furnished 
by the contractor. There must be a clause in the general 
specifications calling upon the contractor to furnish such a 
bond; and this clause must state whether the contractor, as 
is usual, or the owner, is to pay the premium. As to the 
form of bond, the standard form of bond published 
by the American Institute of Architects may be used. An 
examination of a bond will show that it is apparently a con- 
tract without a consideration. As already explained, no con- 
tract is legally enforcible unless there is an adequate 
consideration, and it might therefore seem as if a bond was a 
contract made contrary to the usual rule. However, it is a 
legal principle that a seal implies a consideration, for which 
reason bonds are not only signed but also sealed, the seal 
making it unnecessary to state what the consideration is, or 
even that there is a consideration. 


56. Permits and Licenses.—In most cities it is neces- 
sary to obtain a permit to build from the local building 
department. A fee is often charged for the permit, and 
the specifications must therefore state who is to obtain it and 
who is to pay the fee. Most cities have also regulations gov- 
erning the occupancy of sidewalks or streets, the tapping of 
water mains and sewers, and so forth. The specifications must 
state in what manner such regulations affect the contract ; and 
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who is to pay any fees arising therefrom. Although, in the 
end, all such expenditures are paid out of the owner’s pocket, 
it is quite commonly stipulated in the specification that “the 
contractor shall obtain and pay for all permits and licenses.” 


57. Royalties and Patents.—It is customary to place 
upon the contractor the burden of paying all royalties due for 
the use of proprietary and patented articles or processes, of 
defending all lawsuits or claims for infringement brought by 
the proprietor or patentee, and of reimbursing the owner for 
any loss resulting from lawsuits over the unwarranted use of 
such articles, except in cases where such articles are expressly 
called for in the specifications. In some states it is illegal on 
public work to specify patented articles to the exclusion of other 
patented or unpatented articles answering practically the same 
purpose. These laws are frequently circumvented by adding 
the words “or equal” after the name of the patented article. 


58. Monthly Payments.—On most jobs the contractor 
is paid monthly for the labor and materials furnished during 
the preceding month, less a certain percentage called the 
retained percentage. Sometimes he is paid in like manner at 
longer or shorter intervals. The retained percentage is an 
amount of money withheld from money due the contractor, for 
the purpose of creating a reserve fund wherewith to satisfy any 
unforeseen claims, especially claims of unpaid mechanics and 
material men, for which a lien can be filed. At the beginning of 
each month the engineer makes an approximate estimate of the 
proportionate value of the work done and materials furnished 
by the contractor up to and including the last day of the pre- 
ceding month. From this estimate is deducted the sum of all 
previous payments and the retained percentage, and the 
remainder is the monthly payment that becomes due to the con- 
tractor. Where the method of monthly payment is adopted, 
the specifications should either stipulate the exact time of mak- 
ing payment or require the contractor to furnish to the engineer 
an application for payment. This application should be 
presented a few (often 10) days before payment is wanted, 
in order that the engineer may have an opportunity to check the 
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quantities claimed to have been placed. The engineer then 
issues a certificate, which indicates that the contractor is 
entitled to an amount obtained by means of the following 
formula: 


sh, eed 
uM =A too 2 
where M=monthly payment; 


A =total price of all the work done to date; 
B=sum of all payments made to date; 
p=retained percentage. 


EXAMPLE.—On a contract involving a total of $11,850, the contractor 
has received, so far, three payments; namely, $1,550, $1,200, and $4,000. 
When the fourth payment comes due, the contractor submits an applica- 
tion for payment showing that the total value of work installed to date 
is $9,500. (a) It being assumed that the engineer approves this figure, 
what would be the amount of the fourth monthly payment? The con- 
tract stipulates that 10 per cent. is to be retained. (b) After the 
monthly payment No. 4 has been paid, how much money remains on hand 
to complete the contract? 

Sotution.—(a) The value of A=$9,500; B=$1,550+$1,200+$4,000 
=$6,750; and p=10. 


By the preceding formula, I7=$9,500— 


—$7,700=$1,800. Ans. 

(b) Total amount of contract=$11,850. Sum of four monthly 
payments=$6,750+$1,800=$8,550. Balance on hand=$11,850—$8,550 
=$3,300. Ans. 


sexe —$6,750=$9,500 


59. Payments Withheld.—The engineer is usually 
justified in withholding payments partly or entirely in the fol- 
lowing cases: (1) Where defective work has not been 
remedied ; (2) where it may reasonably be inferred that claims 
have been or will be filed; (3) where the contract cannot be 
completed for the unpaid balance of the contract price. 

In order that there may be no doubt about the engineer’s 
position in such matters, it is advisable and legally necessary 
to include in the specifications a clause setting forth in detail 
under what circumstances payment is to be withheld. In some 
states the laws protecting the claims of mechanics and material 
men are so strict that some engineers have found it advisable, 
when the bond is of doubtful value, to call for receipts showing 
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that all materials included by the contractor in his monthly 
application for payment have been paid for, as well as for an 
affidavit showing that all men on the contractor’s payroll have 
been paid. Where such evidence is not forthcoming the engi- 
neer may be justified, if he can legally do so, in withholding 
payments, although by so doing he would impose a great hard- 
ship upon the contractor. 


60. Materials Included in Monthly Payment.—In 
engineering contracts a difficulty sometimes arises in connec- 
tion with the monthly payment because of those materials that 
are delivered at the site, but not yet incorporated in the work. 
The contractor, of course, is anxious to draw as much money 
as possible in order to facilitate his own financial operations, 
and so puts in a claim for materials delivered but not incor- 
porated, while the owner is equally interested in not paying 
for goods that do not belong to him. In order to obviate this 
difficulty and so forestall any possible dispute, the specifica- 
tions must contain a clause to the effect, for instance, that all 
materials paid for by the owner thereby become his property, 
and that the contractor must store and remain responsible for 
such material until it is placed in the work and accepted by 
the engineer. It is implied by such a clause that the con- 
tractor will be paid each month for materials delivered, even 
though they are not incorporated in the work, but it is of course 
better to state so explicitly. 


61. Final Payment.—tThe last payment made is the 
one in which the retained percentage is paid or turned over to 
the contractor. Before the final payment is made the structure 
is given a final inspection, as a result of which, if every- 
thing is found to be as specified, the engineer signifies his 
acceptance of the work. If the engineer’s decision is made 
final and binding by the specifications, the owner cannot claim 
further work or damages from the contractor after the final 
acceptance by the engineer. But if the engineer has no such 
powers, the owner can sue to recover damages from the con- 
tractor for any defects discovered within a reasonable time 
after completion. However, once the final payment has been 
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made the owner’s prospects of getting any further services or 
attention from the contractor are very slight, and the final 
inspection should therefore be especially painstaking. 


62. The final payment should not be made until a suit- 
able time has elapsed after the completion of the work (as 
stated in the contract), in order that no outstanding debts of 
the contractors may cause a lien against the structure. A 
certain time limit, usually 30 or 60 days, is prescribed by the 
law of the state in which the lien must be filed; after the 
expiration of this limit the final payment can safely be made. 
If in special cases the contractor desires a prompt settlement, 
the engineer may sometimes be justified in granting a final 
payment before the expiration of the time limit upon receiving 
from the contractor and all subcontractors a so-called discharge 
of lien, which is usually a sworn statement to the effect that 
there are no recorded or unrecorded unpaid claims against 
either contractor or subcontractors. Quite often the specifi- 
cations are so drawn that the final payment can be made only 
upon presentation of a discharge of lien. 


RELATIONS OF THE CONTRACTING PARTIES 


G3. Limitations of Power of the Engineer.—Of 
prime importance are the clauses defining and limiting the 
powers of the engineer, since the entire interpretation of the 
contract and the relations between owner and contractor are 
influenced thereby as already indicated in several instances. 
Although the engineer prepares the specifications, it is poor 
policy for him to arrogate to himself unnecessary power, and 
to burden himself with the corresponding responsibility. In 
past times it used to be the custom for the engineer so to word 
the specifications as to make himself the sole judge of almost 
everything that went into the work, and to make his, decisions 
final and binding upon all parties. Modern specifications 
usually provide that any decision of the engineer is rendered 
subject to arbitration, which clause in itself limits the powers 
of the engineer. 
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Another feature of modern specifications is to specify pre- 
cisely and in detail what quality is wanted of materials and 
workmanship, leaving little room for any exercise of discretion 
in this respect, and thus considerably limiting the arbitrary 
powers of the engineer. This feature of the specifications 
is, however, more evidenced by the detail specifications than by 
the general specifications here under consideration. Suffice it 
to say, that where expertly drawn and judiciously worded 
requirements are included in the detail specifications, there 
will be but little room for deviation on the part of the con- 
‘tractor and therefore still less reason for arbitrary decisions on 
the part of the engineer. 


64. Position of Superintendent.—In the erection of 
modern engineering structures, the work is often on too large 
a scale. for individual efforts, and instead of an individual 
owner, contractor, or engineer, are found corporations, such as 
public service corporations, construction companies, and engi- 
neering firms. The specifications must state in such cases, as 
far as practically possible, what individuals are to represent 
the several concerns; and in order to insure especially that the 
contractor is adequately represented on the job, there must be 
a clause calling upon the contractor to have at all times a com- 
petent superintendent on the job, with whom the engineer 
can deal in all those innumerable minor questions that arise 
almost daily. Usually the specifications state that this super- 
intendent or foreman must be satisfactory to the engineer, and 
that he cannot be transferred to another job so long as he is 
satisfactory to the engineer, unless he ceases to satisfy the con- 
tractor and is discharged for cause. Instructions given by the 
engineer to the superintendent are confirmed in writing to the 
contractor’s office in all important cases. 


65. Clauses Facilitating Supervision.—It is wise in 
many cases to have a clause requiring the contractor to furnish 
adequate facilities for inspection, such as safe scaffolds and 
ladders, to furnish the necessary labor to place and operate 
such facilities, and to remove any materials interfering with 
adequate inspection. 
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66. Owner’s Right to Interfere.—It is customary and 
wise to have in the general specifications a clause permitting the 
owner to step in and complete all or part of the work in case 
the contractor neglects to prosecute the work properly, or fails 
to carry out any provisions of the contract. It is usually 
stipulated that 3 days’ written notice must be given the con- 
tractor before the owner takes charge of any part of the work. 
The cost of work so done by the owner is to be charged against 
the contractor, but the contract is not necessarily terminated 
when a part of the work only is so affected, and the contractor 
will still be required to complete the other parts of his contract. 


67. In aggravated cases the owner may desire to terminate 
the contract completely ; and a clause should be inserted in the 
general specifications, giving him the right to do so in case the 
contractor should beconie insolvent ; or if he should persistently 
neglect to supply a sufficiency of skilled workmen or adequate 
materials; or if he should fail to pay promptly and properly 
the subcontractors and material men to whom he is indebted 
on account of the contract; or if he should persistently dis- 
regard local or general laws and regulations or the instructions 
of the engineer. The clause covering these contingencies 
usually calls for a certificate from the engineer to the effect that 
sufficient cause exists for termination of the contract. This 
termination requires a reasonable notice (usually from 3 to 
10 days); it gives the owner the right to take possession of 
the premises, together with the materials erected and stored 
thereon and the machinery, tools, and appliances there located, 
and to complete the work by whatever method he finds expedi- 
ent. No further payments are made to the contractor, the 
owner using the unpaid balance of the contract price to com- 
plete the work; and if any money is then left over, it must be 
paid to the contractor upon the completion of the work. If 
the expense should exceed the unpaid balance, the contractor 
must pay the balance to the owner. Such action, however, 
cannot be taken without notice to the bond company and before 
an agreement is reached as to whether they, the owner, or 
another contractor shall complete the work. 
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Although clauses such as these are commonly incorporated 
in the specifications, it must not be understood that such clauses 
can be actually enforced without trouble. If occasion arises 
to use these clauses, a lawsuit is very likely to result. While 
these clauses are described here for the information and 
guidance of the engineer, it must be understood that legal 
matters and lawsuits are properly the field of the lawyer 
and not of the engineer. 


68. Contractor’s Right to Interfere.—The specifica- 
tions must consider and give instructions for such eventualities 
as stoppage of the work through action of the courts and 
public officials. Usually the contractor is given the right to 
terminate the contract upon proper written notice to owner 
and engineer provided the stoppage exceeds a given length of 
time, such as 3 months. The contractor should also be given 
the right to terminate the contract and sue the owner for any 
amounts that, although certified for payment by the engineer or 
awarded by arbitration, remain unpaid for a specified number 
of days after they become due. 


69. Relations Between Contractor and Subcon- 
tractor.—Since under the lien law the owner is responsible for 
the payments due to subcontractors, and since the owner pays 
the contractor and not the subcontractors, it is necessary to have 
a clause in the specifications stipulating as to when subcon- 
tracts will be allowed, and how and when the contractor is to 
pay the subcontractors. Usually each subcontractor is 
required to make his application for payment in ample time 
before the date for the estimates, or in time for the con- 
tractor to make his own application for payment; the sub- 
contractor is then to be subsequently paid his proper share 
of the monthly estimate. 

Clauses should also be found in the specifications to make 
the contract documents severally applicable to the work of the 
subcontractors ; otherwise they might claim to be doing their 
work on the structure under a separate or different contract 
between themselves and the contractor. However, in such 
event the contractor would be responsible to the owner. 
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70. Disputes.—It is advisable to have a clause in the 
specifications setting forth what steps must be taken in case 
of dispute. A dispute will always take the form of either 
the owner or the contractor refusing to abide by some decision 
rendered by the engineer. Where arbitration is provided for, 
the dissenting party is usually required to file his demand for 
arbitration with the engineer, in writing. The specifications 
must then go on to state the number of arbitrators, how selected 
or appointed, authorization to make awards, how the award is 
to be formulated, and the arbitrator’s compensation. Usually 
the specifications call for the arbitrators to name their own 
compensation. It is important also that the specifications call 
-for the contractor to prosecute the work vigorously during 
the arbitration so that no delay shall meanwhile occur. 
Furthermore, it is always better for all parties to compromise 
a dispute than to try it out. 


INSTALLATION AND ACCEPTANCE 


71. Unpractical Stipulations.—It is frequent practice 
to state in the specifications that the work must be executed 
in “strict accordance with plans and specifications.” If, how- 
ever, it is the intention of the engineer to incorporate this clause 
in the specifications, he should be careful to place in the detail 
specifications only such requirements that he is prepared to 
force the contractor to live up to. A classical example of what 
is meant here is furnished by the time-honored clause that “all 
sand used in the concrete must be clean and sharp.” There 
are many localities in this country where “sharp” sand is an 
unknown quantity and it is folly to call for materials that 
cannot be obtained or can be obtained only at prohibitive prices. 
The result is that such impractical clauses are generally 
ignored in practice. 

In fact, structures are hardly ever built in strict accordance 
with the plans and specifications, but only in “substantial” 
accordance therewith. Thus, if the plans call for columns 
18 inches square, how great a deviation from the 18 inches 
is permissible? Obviously, it is not physically possible to be 
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mathematically exact in such matters. Similarly, a floor is 
supposed to be level, and yet variations from a mathematical 
plane will always exist. Unfortunately, it is not customary, 
although it is desirable, to indicate in the specifications what 
deviations will be permissible; it is usually required merely 
that the work must be executed “to the satisfaction of the 
engineer.” 


72. Intention of Contract.—Even where the specifica- 
tions make the engineer the sole judge, and his judgment final 
and binding, he is usually required by law to become “satisfied” 
when the intention of the specifications has been substantially 
complied with. In a lawsuit, the court will always endeavor 
to find what the spirit, or intention, of the contract is, taking 
all the contract documents as a whole, and if this spirit has 
been substantially complied with so that the structure con- 
forms to the intended purpose, the contractor will be awarded 
payment for the work done, even though he may not have 
entirely fulfilled the contract in accordance with a strict inter- 
pretation. This is particularly the case with structures such 
as aqueducts, bridges, buildings, and railroads, because these 
are firmly attached to and become a part of the land, while 
in case of machinery or other movable appliances that can be 
turned back to the contractor and put to other use by him, 
the owner is justified in refusing acceptance on account of 
minor departures from the specified requirements. 


73. Defective Work.—lf, however, the work is actually 
so defective that the contract is not substantially fulfilled, one 
of the following two courses are open to the owner: (1) He 
may accept the defective work and pay under agreement with 
the contractor a reasonably lower price therefor. (2) He 
may insist upon the defective work being replaced by. better 
and more adequate work. The specifications should be so 
drawn as to give the owner this option; however, where work 
is to be rejected and replaced, the engineer is bound to point 
out the specific defects that he desires to have remedied, so 
that the contractor may know just what is wanted. A mere 
statement that certain materials or work are unsatisfactory, 
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is not legally a sufficient notice of rejection; full and adeauate 
reasons must be given. 


74. Removal of Rubbish.—During erection the con- 
tractor should be required by the specifications to keep the 
premises in a neat and orderly condition, to remove accumula- 
tions of rubbish, and especially to remove at least temporarily 
any materials preventing work by other contractors or inter- 
fering with proper inspection. It should also be specified 
that, upon completion of the work, the contractor must remove 
all tools, equipment and surplus materials, clean up the sur- 
roundings of the structure and remove all rubbish. On large 
engineering work it is usually necessary to stipulate in con- 
siderable detail just what will be understood by the word 
completion. On a building, the contractor should be required 
to leave the job “broom clean’”—that is, with all the dust, shav- 
ings, and earth swept out carefully, but not removed by washing. 

Where several contractors work on the same job at the 
same time, each will usually try to pass the responsibility for 
the rubbish on to some one else, for which reason the owner 
should be given the right to remove all of the rubbish, and 
apportion the cost of removal to each contractor as the engi- 
neer may direct. 


75. Final Inspection.—After the removal of all things 
to be removed, the contractor notifies the engineer to the effect 
that he is ready for the final inspection, and this is then pro- 
ceeded with, all defects being carefully noted. Usually the 
final inspection should be carried out by another man than 
the one who was in charge of the inspection during erection, 
since otherwise mistakes left undiscovered originally may 
again escape detection. Just to what particular items the 
details of the final inspection are directed will depend largely 
upon the nature of the job; the inspection must include every- 
thing from a schedule of broken window panes to.a verifica- 
tion of over-all dimensions. If no defects are discovered, a 
final estimate will ultimately be issued as already explained, 
but if any defects are found these must be remedied and the 
job again inspected before final acceptance. 
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76. Occupancy Before Completion.—In some cases 
the owner desires to occupy a portion of the structure before 
the entire structure is completed; this is especially true of 
buildings where the owner may occupy some of the lower 
stories during the completion of the upper stories. It may 
also happen that a portion of a highway or a railroad is taken 
into use before the entire road is ready; or in the construction 
of dams that the waters are purposely caused to rise behind the 
dam, by the closing of the gates, before the dam has reached 
its full height. Such occupancy by the owner does not 
necessarily imply an acceptance by him, unless expressly so 
stipulated, notwithstanding the fact that many contractors 
think otherwise. Thus, in the construction of a building, 
where the contractor had failed to comply with some material 
part of the contract, the owner moved into the uncompleted 
building and refused to pay the contractor the balance due 
him. The contractor brought suit to recover the balance due 
him and set up the claim that the owner’s act of moving into 
the building was in fact an acceptance of the entire work. The 
court however decided against the contractor. 


DETAIL SPECIFICATIONS 


77. Classification of Contents.—In writing his 
detail specifications the engineer usually subdivides the subject 
matter according to trades, but this classification is not fol- 
lowed here because only the principles, and not the technical 
details, of the specifications are discussed. For the purpose of 
description, the following classification of the subject matter 
has been adopted: (1) purpose, (2) materials, and (3) work- 
manship. These obviously necessary divisions are followed 
by (4) a short separate description of specifications for 
excavation, since this subject presents some peculiarities of its 
own, and moreover is of such universal application that it 
deserves special explanation. 
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PURPOSE 


78. Quality of Workmanship and Materials.—The 
purpose of the detail specifications is to give a complete 
description of the quality and kinds of labor and materials to 
be furnished by the contractor; the detail specifications are a 
necessary complement of the drawings, since on the drawings 
the sizes, quantities, and distances only are shown. Thus, 
the plans of a certain building will show the sizes and numbers 
of the window openings, while the specifications will indicate 
whether the glass is to be rough, ribbed, or polished ; whether 
plain or wire glass is to be used, and whether single- or 
double-strength glass is required. In this manner the detail 
specifications become a collection of written instructions for 
the contractor’s guidance. 


79. Methods and Results.—The instructions given in 
the detail specifications should be directed to results rather than 
to methods; that is, the specifications should state what is 
wanted rather than how it is to be achieved. There is a very 
strong reason for this; namely, that the ultimate purpose of the 
contract is to procure for the owner exactly what he needs. 
How and by what means this result is brought about is usually 
of only secondary interest to the owner. The engineer, in 
preparing the plans and specifications, is the owner’s agent, 
and the owner is therefore responsible for whatever results 
are brought about by the engineer’s work. If therefore the 
engineer specifies methods of procedure the owner is generally 
responsible for the results produced by the methods specified. 
However, in some cases it is absolutely necessary to specify 
the method in order to get a desired result. 

As an illustration, consider the construction of a large piece 
of masonry having its foundation under water. The engineer 
may be convinced that good results can be obtained only by 
building the foundations in the dry, and he would therefore 
write in his specifications that the foundation bed must be 
laid dry, and that the masonry must be built on the dry bed. 
With this specification before him the contractor must devise 
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his own methods of getting rid of the water, and since he has 
entirely free hands in selecting the methods he remains entirely 
responsible for the results. 

But if, on the other hand, the engineer specifies that the 
contractor must put down a double row of 20-foot wooden 
sheet piling, filling the space between the two rows with clay 
puddle, to the entire satisfaction of the engineer and under 
his direction, and the contractor constructs the cofferdam in 
accordance with the engineer’s direction then the owner 
becomes responsible ; if the dam breaks, the owner must stand 
the loss. Under ordinary circumstances the engineer is not 
justified in placing this responsibility upon the owner. On 
the other hand, he would be justified in saying that the founda- 
tion should be obtained by the use of a cofferdam; or of a 
pneumatic caisson; or of an open dredged caisson. It is the 
engineer’s duty to discover the precise needs of the owner, 
to describe a structure suitable for these needs, and to see 
that the contractor furnishes everything as described; in other 
words, the detail specifications should usually describe merely 
the results wanted. It is then the contractor’s problem, except 
in special cases, to discover the ways and means of producing 
these results. 


80. Specification of Methods.—Although, as stated, 
the methods of construction should generally be left to the 
contractor, exceptions may and often do occur. A case in 
point is in the construction of modern types of concrete and 
reinforced-concrete roads. Theoretically, it might suffice to 
specify that a certain type and thickness of concrete pavement 
is desired, to fulfil certain requirements in regards to strength 
and finish. In practice, however, it has been found far better 
to specify in great detail not only the proportions and kinds of 
materials to be used, but also how the materials must be 
mixed ; how long they must be kept in the mixer; what type of 
mixer must be employed, and even in many cases the type of 
discharge apparatus. The methods of finishing the surface, 
and the appliances to be used for finishing, are also frequently 
described at length. Such elaboration is desirable where, as 
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in the case .of concrete pavements, new and better methods 
are constantly being devised; but, as a result, the responsi- 
bility is very largely taken away from the contractor and placed 
upon the owner. If, therefore, the specifications insist upon 
certain kinds of materials to be treated, placed, and finished 
in a certain manner, and the result is not satisfactory, the 
owner often has no claim against the contractor provided the 
contractor can prove that he fulfilled the specifications 
“substantially.” 


81. Singleness of Purpose.—Since, as already 
explained, the respective responsibilities of owner and con- 
tractor are determined very largely by the spirit of the detail 
specifications, the engineer, in preparing his specifications, must 
choose whether to place the responsibility upon the one or 
upon the other. There is, however, nothing to prevent the 
owner from assuming responsibility for certain parts of the 
contract, leaving the responsibility for other parts to the con- 
tractor. If, in exceptional cases, it is found desirable to 
divide the responsibility between owner and contractor, the 
division line between the responsibility of one party and that 
of the other party must be clearly drawn. Where no clear 
distinction exists, trouble, confusion, and dispute are bound to 
occur. 

Thus, as amy illustration assume that there is a clause in the 
specifications to the effect that “the heating plant must be 
sufficient to heat all rooms to 70° F. in zero weather,” while 
at the same time the plans show the sizes and locations of 
radiators, pipes, and boilers. Then, when zero weather comes 
on and the rooms can be heated to only 50° F., who is 
responsible? Naturally the owner will claim that the clause 
in the specifications governs, and that the contractor must put. 
in a heating system capable of raising the temperature to the 
point specified, whereas the contractor will claim that as long 
as he has put in boilers, piping, and radiators as indicated on 
the plans, and has carried out the work in a substantial and 
workmanlike manner, the owner must be satisfied with what- 
ever results are produced. 
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Parallel cases are frequently met with; they usually result in 
an expensive lawsuit, in which the decision frequently hinges 
upon the question whether or not the contractor has warranted 
the plans; that is, whether by act or implication the contractor 
has guaranteed the sufficiency and adequacy of the plans pre- 
pared by the engineer. This question is considered in the 
following article. 


82. Warranty of Work.—It is a principle of law that 
whoever contracts to do a certain thing, thereby implies his 
ability to do this certain thing and to do it reasonably well. 
As far as the contractor’s warranty of the finished structure 
is concerned, it is therefore always implied, whether so speci- 
fied or not, that he must have reasonable ability to do the work 
well, and that he must exercise this ability reasonably well. 
Beyond this point the contractor is responsible only when he 
has undertaken to furnish an entire complete structure in 
good working order. A contract to furnish an entire com- 
plete structure is called an entire contract, as distinguished 
from the case where the contractor furnishes merely certain 
quantities of labor and materials toward the completion of 
the work. r 

Whether the contract is an entire contract or not, can be 
determined only by considering the contract as a whole, in 
order to discover the intentions of the contracting parties. If 
it be found that the intention was for the contractor to furnish 
an entire complete structure, it will usually follow that the 
contractor warranted the sufficiency or correctness of the plans, 
adopting them as his own, and becoming fully responsible 
therefor. If there are conflicting statements or errors in the 
plans and specifications it is then the contractor’s duty to dis- 
cover the conflict or error, to call it to the attention of the 
engineer, and to insist upon having it corrected. 


83. If, on the other hand, the contract is not for an entire 
complete structure, the contractor cannot usually be held, in 
the absence of evidence to the contrary, to have implied a 
warranty of the sufficiency, correctness, or consistency of the 
plans and specifications. At the same time, the contractor may 
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warrant one portion of the structure and not other parts, or 
the contractor may imply a warranty against certain con- 
tingencies and not against others. Thus, if the contractor 
should suggest and cause to be accepted certain important 
modifications in plans or specifications, he would usually 
become responsible for the effect of the change, as might be 
the case where in the construction of a bridge a contractor 
who specializes in reinforced-concrete construction and holds 
himself out as an expert in this branch of engineering, causes 
a reinforced-concrete superstructure designed by himself to 
be substituted for one of structural steel designed by the 
engineer. 


MATERIALS 


84. Scope of Specifications.—It is necessary to indi- 
cate in the detail specifications what different materials are 
wanted and the kinds to be furnished of each. Thus, in con- 
nection with a large manufacturing plant, fastenings or anchors 
called inserts are usually required in the ceilings for the pur- 
pose of suspending shafting and motors. The inserts wanted 
may not all be of the same kind or size, and the specifications 
must clearly describe all the different kinds required. 

Again, in the construction of a railroad, nut-locks or split 
washers are used to secure the bolts in the track from working 
loose; so the specifications must describe the kind or kinds 
required, since there are many different kinds on the market, 
and not all kinds may meet the particular requirements of the 
proposed railroad. 

These two examples are purposely drawn from some 
relatively insignificant items of construction, in order to show 
that the detail specifications for any given structure must con- 
sider very many different and minute things in order to be 
even approximately complete. Some specifications contain a 
complete catalog of everything to be provided, with an 
adequate description of each item. To prepare such specifica- 
tions is obviously a task calling for a wide experience and a 
complete technical knowledge, certainly not to be expected in 
a young engineer. 
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85. Nature of Requirements.—The requirements 
stated in the specifications are subject to three important 
limitations imposed by the very nature of the problems to be 
solved: (1) The requirements must be possible of fulfil- 
ment; (2) they must be in accordance with practice; and 
(3) adequate for the purpose. 

Although in an architect’s specifications the artistic or 
fanciful may sometimes be predominating, the engineer’s speci- 
fications are almost always strictly utilitarian, dealing with a 
rather limited (although relatively large) number of items, 
such as steel, stone, cement, brick, asphalt, timber, and so forth. 

Exhaustive series of tests of materials have been under 
way for many years, so that a fairly comprehensive knowledge 
has been gained of the best materials to use for many specific 
purposes; these tests have been carried on by governments, 
learned societies, universities, manufacturers’ associations, 
and individuals. The test results have been compared with 
results obtained in the field, and out of the great mass of 
information thus gained there has sprung a practice which, 
while varying in many particulars, is nevertheless sufficiently 
uniform to warrant a certain amount of standardization. This 
standardization is expressed by the so-called standard speci- 
fications which are now available for many materials com- 
monly used in engineering practice. 


86. Standard Specifications for Materials.—Uni- 
versally accepted in the United States are the standard 
specifications of The American Society for Testing Materials 
(address, University of Pennsylvania, Philadelphia, Pa.) ; 
these include such materials as ferrous metals (iron, steel, and 
their alloys), non-ferrous metals, cement, clay products, 
asphalt, lumber, and other miscellaneous materials. Some- 
what similar standard specifications have been prepared by 
The American Railway Engineering Association (address, 
Chicago, Ill.), for complete railway structures. There are 
many other more or less universally accepted specifications for 
materials, but those already named are the most important. 
They will not be reproduced here, both because of their great 
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bulk, and also because they are subject to revision; copies can 
generally be obtained from the secretaries of the societies 
named, or they can be consulted in most large public libraries. 


87. Use of Standard Specifications.—The usefulness 
and importance of standard specifications can hardly be over- 
estimated. Take as an illustration the standard specifications 
for Portland cement. Practically all the Portland cement 
manufactured in the United States is made to comply with the 
standard specifications of The American Society for Testing 
Materials, so that, instead of hundreds of different standards, 
practically all the cement now made conforms to this single 
definite specification. 

When preparing specifications the engineer does not have to 
enumerate all the different qualities required of the cement or 
to describe how to proceed with the testing; he merely writes 
that all “Portland cement used on the job must comply with 
the Standard Specifications for Portland cement of The 
American Society for Testing Materials, and is to be tested 
in accordance therewith.” If the cement is tested in accordance 
with such specifications and passes the test, the engineer knows 
positively that the material is of the best grade that can be 
obtained under ordinary commercial conditions and of standard 
quality. : 


88. Specifications for Other Materials.—There are 
many materials for which no standard specifications exist. 
When called upon to draw specifications for these the engineer 
must rely upon his own experience and whatever information 
he can obtain from textbooks and especially from other speci- 
fications covering similar ground. In regard to such materials 
a great deal of confusion exists, and this is especially true of 
such proprietary articles as paint, water-proofing compounds, 
and the like. 

Excellent sources of information concerning all materials 
not standardized are the catalogs published by manufacturers, 
and no engineer should deem it below his dignity to seek 
information from such sources, or from the specialty sales- 
men who represent the manufacturers. 
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WORKMANSHIP 


89. Lack of Suitable Standards.—No part of speci- 
fication-writing taxes the ability of the engineer more than the 
writing of the clauses referring to workmanship. This is 
because it is difficult to find definite standards of comparison ; 
in dealing with materials, it is possible to specify dimensions, 
unit strength, elasticity, color, hardness,’ specific gravity, and 
other physical properties, because these can be measured 
definitely by pounds, inches, or other established units; but to 
devise standards for workmanship is a hard task. In a great 
many instances this difficulty has been overcome by the simple 
expedient of writing that this or that item must be completed 
“to the satisfaction of the engineer,” or else that “all work- 
manship must be of the best.” Both of these expressions are 
very unsatisfactory because they are vague. When, it may be 
asked, is the engineer “satisfied,” or what constitutes the “best 
workmanship” ? 


90. Prohibitory Clauses.—A_ step toward more 
definite requirements than the “satisfaction of the engineer” 
or the “best workmanship” referred to in the preceding article 
are clauses that in explicit terms prohibit certain common 
practices. A case in point is a clause prohibiting the use of 
retempered cement mortar in masonry. However, the better 
practice is to specify definitely what is wanted; this is not 
always possible, but should be done whenever it is feasible 
to do so. 


91. Mandatory Clauses.—In some branches of engi- 
neering work it is possible to have a definite standard of 
workmanship. A clause, frequently incorporated in speci- 
fications for riveted steel bridges, may serve as an example. 
According to this clause, such accuracy of the location of 
punched rivet holes is required, that, when the several pieces 
are assembled, 40 per cent. of the holes can easily be entered 
by a rod having a diameter ;; inch less than the holes; 
80 per cent. of the holes can be entered by a rod having a 
diameter 4 inch less than the holes; and all the holes can be 
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entered by a rod having a diameter 4 inch less than the holes. 
This method gives a definite measure of the workmanship 
since it sets a definite numerical value for the degree of skill 
required in the workmen, and such clauses are always very 
desirable—provided, of course, that the requirements are 
practically possible of achievement. 

A similar clause would require a rough concrete floor to be 
laid so nearly level that no part would project more than 
4 inch above the intended level and no part would be 
depressed more than } inch below the intended level. Similar 
clauses in the specifications should cover the mixing, conveying, 
and placing of the concrete. 


92. Limiting Clauses.—Iin writing specifications for 
many classes of work a peculiar difficulty arises from the 
circumstances that the progress of the work is contingent upon 
conditions entirely beyond the contractor’s control. A case in 
point is in the construction of concrete work; concrete hardens 
much faster, and therefore becomes available for use much 
sooner, in warm weather than in cold. Consequently, it is 
impossible to specify how long the forms must be left in 
place ; a time suitable for summer conditions would be entirely 
too short for winter work. In such cases, it is customary to 
specify that the forms must be left in place at least a certain 
minimum number of days, leaving the actual length of time 
to be decided by the severity of the weather and other 
conditions. 

Similarly, the terms not more than and not less than are 
frequently used in specifications in order to limit the activities 
or choices of the contractor within certain definite bounds 
without tying his hands entirely. Where it is found altogether 
impossible to define the object to be gained, it has even been 
specified that the contractor must expend not less than a given 
amount of money for the particular purpose in view, under the 
direction and supervision of the engineer. 


93. Although in some specifications separate clauses have 
been drawn up for materials and workmanship, the more com- 
mon method is to treat materials-and workmanship simul- 
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taneously, so that no sharp distinction is made between the 
two. This will in general be found by far the most con- 
venient method of arrangement, owing to the great difficulty 
of treating workmanship as a separate entity apart from the 
materials to which it is applied. 


EXCAVATION 


94. Operations and Requirements.—In almost all 
engineering work it is necessary to do more or less excavating 
and back-filling, which work comprises also loosening, loading, 
hauling, dumping, leveling, and compacting of the material. 
Aside from the particular requirements of each individual job, 
there are two definite items common to practically all excavating 
jobs which must be treated in almost all specifications. These 
are: (a) classification and (b) measurement. 


95. Classification.—Owing to the much greater expense 
_of excavating solid rock than loose earth, it is necessary to 

distinguish between the two terms rock and earth, the former 
being commonly spoken of as hard and the latter as soft. 
Since in nature the one merges into the other through innum- 
erable gradations of hardness and fragmentation, the engineer 
will often be called upon to classify a certain material about 
which doubt might exist. Hence, wherever possible the method 
of classification to be used on the job should be clearly indi- 
cated in the specifications. 

The following are the two ways of distinguishing between 
rock and earth: 

1. Everything that requires blasting with explosives is 
classified as rock, and everything else is classified as earth. 

2. Everything that can be loosened by plowing is classified 
as earth, and everything else is classified as rock. 

Where such definitions are used, boulders too large to be © 
removed bodily and tree stumps are often classified as rock, 
and if such is the intention, the specifications should so state, 
indicating also the minimum size of boulder that will be con- 
sidered as rock, as for instance, boulders containing 4 cubic 
yard or more. 
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Many specifications give a more extended classification, 
covering loam, earth, sand, packed sand, gravel, clay, cemented 
gravel, hardpan, loose rock, and solid rock. 

Then, other specifications give only part of the above, leav- 
ing the engineer to classify those not mentioned with the 
nearest in character to those that are mentioned. 


96. The most satisfactory way is either to specify only 
earth and rock, or else to give a complete list, as above, from 
loam to solid rock. In the latter case no special experience is 
required to determine to which class any particular material 
belongs, and no more trouble arises than by using the criterion 
of plowing. 


97. Measurement.—Owing to the fact that earth and 
rock expand when excavated, it is necessary to state where the 
materials will be measured, if they are to be measured by 
volume. Broken stone is sometimes measured by weight, but 
only when used as a commercial product, not when excavated 
in connection with engineering construction. There are three 
ways of measuring a volume of earth: (a) in its original 
site, (b) during transportation, and (c) after it has been 
deposited in its new site. 

No two of these methods will give the same result. The 
earth swells when excavated, so that a larger volume must be 
transported than is indicated by measuring the solid earth in 
its original site. On the other hand the earth shrinks in 
volume when placed, so that, for example, the earth deposited 
in a railroad embankment occupies a smaller volume than it 
did in its original site. 

Each of the three methods has its own particular principal 
use ; thus, in grading for railroads and similar work the earth 
is usually measured in the original site. Dredged materials 
are sometimes measured on the scow while in transit and some- 
times in the original bottom or site. Hydraulic fills are meas- 
ured either in the original or in the final site. Nevertheless, 
there are many other cases where either method could be 
applied, and the specifications must always state which one is 
to be used. 
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STANDARD SPECIFICATIONS FOR SPECIAL 
STRUCTURES 


98. Steel Structures.—In the engineering literature 
reference is often made to certain standard specifications pre- 
pared for special structures by engineers who have reached an 
eminent position within the profession. The specifications pre- 
pared for steel bridges by Osborn, Cooper, and Waddell are 
widely used and frequently quoted as examples ;-Cooper’s 
specifications are especially well known, because they include a 
standardization of railroad locomotives according to weight and 
wheelbase, which has been widely followed by railroad com- 
panies and designing engineers in determining the loads for 
which proposed new bridges were to be designed. However, 
the General Specifications of the American Railway Engineer- 
ing Association are now generally preferred in the case of 
bridges. The specifications in common use for steel mill 
buildings are those of Fowler and Ketchum. 


99. Concrete and Reinforced-Concrete Structures. 
A number of specifications for concrete and reinforced-concrete 
structures has been adopted and published by the American 
Concrete Institute, including specifications for one- and two- 
course concrete pavements, sidewalks, curbs and gutters, plain 
and reinforced-concrete floors, and concrete sewers. These 
specifications have been printed in the Proceedings of the 
American Concrete Institute, copies of which may be con- 
sulted at many public libraries throughout the United States. 
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